
l7ienwlzhinel AckIz, 17 (1976) 137-145 
Q Filscvier Scientific Publishing Company, Amsterdam - Printed in BeIgium 

REACTIONS OF SlLVER(Q SALTS IN POTASSIUM HALIDE MATRICES 

A DIFFERENTIAL SCANNING CALORI&fETRY STUDY 
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Dejmrnnent of CAaisrry. JX&crsim of Horisfon, Humton. Texas 77(ww <CL S- A-) 

cF&zcid 29 Mar& 1976) 

Reactions of AgCI, Ag,SO,, and Ag&O, in and with pressed KCI, KBr, and 
KI disks as well as those of unpressed mixtures were followed by TG and DSC. 
Except for AgzcO, and Ag,SO, in KI, the curves obtained were readiIy interpreted 
in terms of eutectic melting, decomposition., and complex formation_ 

INTRODUCTION 

Difkential scanning calorimetry @SC) has been previously used in this 
Laboratory to monitor reactions occurring in and/or with potassium halide (KC& 
KBr, and KI) matrices in disk form_ Applications of this technique include the 
character%mtion of pharmaceutical products’, deaquation reactions of BaClz-2H,0z, 
and the study of solid-state reactions of several copper& II) salts3_ In this investi- 
gation, the solid-state reactions of AgCI, Ag,SO,, and Ag,CO, in KCi, KBr, and 
KI matrices were studied and d&ussed_ As in the case of the copper&II) salts’, 
eutectic melting, decomposition, and complex-forming rea&ons were observed_ 

EXE’-ALPART 

All the compounds used were of reagent-grade quality. Samples were studied 
as the pure material, pressed in K%‘(X = Cl, Br, or I) disks as described previously2, 
and mixed with KX but not pressed, designated herein as the &ee state. All samples 
were heated in open, aluminum sampIe containers (DuPont). The heating rate was 
1odegmiIP an& unless otherwise noted, the atmosphere was dynamic nitrogen, 
Themassofsalttakenwas1-12mgw~~wasmixedwit650mgofKCIand60mg 
of KBr or KI and pressed into disks, In the f&e state, the salt samples were diluted 
withaboutu)mgofKCIand30mg~ofKBrorKI_.TheDSCcurveswereobtained 
using the DuPont Model 9!30 thermal-analysis system; In the case of Ag,C0s, the 
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DuPont high pressure cell in conjunction with the Mode4 900 consoIe was also used. 
The TG curves were obtained utiiizing the DuPont 951 thermogravimetric anaIyzm 

RESULTSANDDISCUSIOX 

The DSC and TG curves of AgCl in KCI are iUust$cd in Fig. I. An endo- 
thermic peak corresponding to the eutectic melting temperature of 319”C4 was 
observed both in the fi-ee state and in the disk This was followed by a highly t&o- 
thermic reaction for which AT__ is 338°C In the disk, the Iatter peak was obscured 
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by the occurrence of an evkn more highly exothermic~reaction for. which. AT._ is 
356°C In the fke state, the development of the kst &cothermic peak was followed by 
& grad& lo& %f mass which- attaked. 122% ‘at -635% This correqknds tb- the 
evohtion: of 0.25 mol. of CI2 per in01 of. AC&i &d_ suggests~ the ., formation: of an 
eqnivalckt of- silver s&chloride; IAg,Cl$ .the exist&& .-of: w&h- has hen .-both 

reported and denie&_ In the disk, onIy a very small loss of mass was obsqkd above 
338.?CZl~it Z feic\that the 338”Cpeak m&r&the oet ofckcompositix~ of~~gCi;@t 
that &the.&& the decxaxd diff&abiiity of Cl2 and,a rcIati&y high concentration 
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of KCI favor the formation of a chloro complex (e.g., KAgCIJ. The 356°C peak is 
attributed to the Iatter phenomenon- Above- 595°C rapid decomposition occnrrcd in 
the disk.- Then mass loss (2.2%), the endothermic nature of the process, and the 
darkening of the disk suggested the formation of elemental siIver_ A simiimass loss 
in the fice state sample started at 635 “C but could not be followed to completion due 
to the temperature limit of the experiment. 

The DSC and TG curves of Ag,SO, and Ag2S0, in KCI are shown in Fig 2 
Pure Ag$O, exhibited a single endotherm at a AT&_ of 436°C which is dile to a 
solid, ---+ soIidz phase transition6, h-the disk, there was no mass loss over the 
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Fig. Z DSC and TG curvs of Ag$504 and of AgzS04-KCI mixtures 

temper&we range st@icd. although several reactions occurred between 300 and 
450°C. The %ma.ll endothermic peak starting at 304°C with a AT,_ of 309°C suggests 
AgCI-Ag$O, eutectic melting, the reported temperature for which is 3M°C7. Thus, 
the formation of some.A_eCT at temperatur& below 304°C is indicated_ This was 

followed by aa ex&htic transition for which the. &f&i was 325”C’and which- is 
thought to have been the formation of additional AgCl, the rate of which was 
accelerated by the presence of a-liquid phase.~&ring the course of this reactioti, 
AgCLKCi &Gectic 1&1t@$ occurre& evidence for which is given by the endothermic 
peak with a-ATnJh_ of 321 “C. This was folI&cd~by a broad exothtic peak which is 
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bekved to arise from the formation of a chloro complex such as that proposed in the 

case of AgCl in the KCi disk_ The total heat flow per mol of Ag was essentially the 
sameinbothcases-Thefactthatthepeak~Fig.2ismuchIesssharpthanits 
coanterpartin Fis 1 can he attributed to the Iess intimate contact betwezn A@ and 
KCl caused by the Prentice of K2SOa_ In the fi-ee state, the exothermic peak starting 
at 305°C and with a AT__ of 330°C, interrupted by eutecGc AgCl-KC1 melting at 
321 “C, is ascrii to the conversion of AgzSO, to AgCX As with the free state sample 
of A&l in KCI, cotiplex formation apparently did not occur. The mass ioss observed 
by temperatures greater thau 430°C amounted to 3-O% of the mass of the Ag$O, 
i&My present, The nature of this reaction is not known; if either Ag,Cl or Ag was 
formed, the conversion of A&W, was far IesS than complete. The origin of the 
endothermic peak for which bT&_ is 592°C is also unclear_ 

The DSC curves of Ag=SO, in KBr, presented in Fig- 3, indicate behavior much 
like that noted for Ag,SO, in KCL In the disk as well as in the Gee state- the exo- 
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thtic peak between 260 and 320°C is assumed to be due to the- conversion .of 
A&SO+ to AgBr. In both cases, this reaction was interrupted by AgBr-K& eutectic 
meltiu~ the zported tfzmptz&ue of which is 285°C8*g,. In-. the disk, the- large 
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exothermic peak with a AT,, of 433°C is thought to-arise from the foiazation of a 
bromo compiex aualagous to the cbloro complex postmated for Ag,SO, iu KCL In 
contrast to the b&avior of Ag,SO, iu KCI, there is evidence in the form of an 
exotbermic _q?ak foa- which AT__ is 517°C for the formation of a bromo complex in 
the free state ~pk. As in the ease of Ag2S0, in KC& an unexplained endothermic 
peak at 592°C was found_ 

The DSC curves of Ag2S0, in KI are shown in Fig. 4. In the disk, an endo- 
thermic peak with a AT&_ of 245°C correspouds to the reported AgI-KI eutectic 
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melting temperature lo. it appears that at least partial conversion of Ag2S04 to AgI 
occurred duriug the pressin~‘of the disk aud.that-no exothermic trausitious of any 
significance were observed until decomposition took place at higher temperatures. 
In the free state- however, an exothermic transition between 240 and 310°C was 
o&n& and it is attrihed to the formation of AgI. Although au endotherm 
arising from AgX-KI eutectic mebiug was not obtained, a clear change of slope at 
245”C_~is indicative of this phenomenon.- As with KCI and KBr, the unexplained 
endotherm at 592% can be noted. 

~. The DSC and TG curves of Ag,COs and Ag,COs , in KCI are given in Fig. 5. 
Foi pure Ag&O;; au endothermic peak wit6 a AT&_ of- 197°C marks the onset of 
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d&t 10% ~conversion of Ag,Cd; to Ag,O,. an obsekation nc@d ekewhere”; 
Between 250 a;ld 475% compkte conversion to Ag,O and the~subseqent fonnaticin 
o_FAg occuri& An exuiotli~c peakfor which +T&;1is 403% (andwhich actually 
appear&to be *o overlapping-peaks) corrqspondito-the production-of +gzO-.whik 
the broad exothekmic peak *th a ATA_ of abou! 4429C,i+s+* wit&the redu* 

t&.-of the Iatrer t@ As. pnie-AgzCOa in disk ‘form ~&&went m@&,the same 
~dec~mpbsitioq reaction except Xhat the expecte&deqeaz%k difksal$lity-~~f-~~~O~ 



143 

caused tne mass loss to be slower and somewhatirregular with some variation in the 
highertemperature peaks, The formation of Ag20 was chaxiy accompauicd by the 
geueration of two endothermic peaks for which the AT-; were 423 and 442°C and 
the peak iudicatiug reduction to Ag became a high temperaa shouI&r on the latter_ 
For the Ag,CO,-KCI mixtmes, both in the free state and in disk form, the overall 

decrease in mass corresponds to the loss of one mol of CO, per mol of Ag&O, . For 
both samples, endothermic peaks with a AT&_ of 313=C, close to the AgCi-KCY 

eutectic mehing temperaturenoted -her, indicated the formation of AgCL Other- 
wise, significant differences are evident In the free state, as in the pure Ag,CO,, .an 
endothermic peak with a AT’_ of 197°C snggzgts conversion to Ag=O. Since the 
mass loss indicates that this ocuurcd tc au extent greater thau lo%, it is felt that this 
reaction was promoted by the transformation of AgiO .to AgCL The endothermic 
peak with a AT& of 452°C is believed to manifest final decomposition of the AgzC03 
and the ultimate production of AgCL In the disk, au endothermic peak for which 
AT&,,. is 153T is probably due to the iuitiaI decomposition of Ag,CO,_ The fact 
that this occurred at a temperature considerably lower than those previously c&d 
can be attributed to the effect of the high KCI con&t&on in the disk and the 
atteudaut euhauccd conversion of AgiO to AgCI. Once again, the decreased 
diff~bihty of CO2 resuhed iu a sIow mass loss. It is interesting to note that the rate 

of mass loss increased markedly upon formation of a liquid phase at 313 “C_ The 
origin of the large exothermic peak with a AT-,_ of 393 OC is thought to be due to the 

formation of achloro complex (perhaps KAgCQ The aceom@uying mass Ioss shows 
that evoIution of CO, occurred aud suggests that the latter reaction involves AgtO 
and not Ag,CO, . This is supported by the fact that when sampI were run in a high 
pressuz DSC cell (Fig. 6), the exothermic peak was not observed even at 17 ah-n 
presure. In this static- system which provides a se&generated atmosphere, CO, 

produced at temperatures Iower than 355°C apparently inhibited the decomposition 
of A&CO, to Ag20 and the absence of the latter precluded complex formation. 
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The DSC and TG curves of Ag2COs in KBr, shown in Fig 7, indicate behavior 
smdlar to that of Ag2COs in KCX For samples in both the f&e state and in disk form, 
the 0verdI loss of mass corresponds to the‘evolution of ohe mol of CO, per mol of 

r;rk 7_ DSC and TG axma of Ag,corKBr mEx~ma and of Ag&-KI mExBms 

AgtaO, .with AgBr-KBi eutectiC melting at 283°C Initial decomposition of the 
Ag2COa was again observed at 197°C in .the free state -jampIe an%. at a lower 
temperature in the disk The endotherms at tempe&tures below 100% probably 
arosefiomtheIossofwattr_Inthe~abroadexathermicpeakwitb.aAT_Iof 



about 450°C is believed to denote the formation of a 
such rea&on ocavred in the free stati sample. 

The DSC and TG curves of Ag,CO, inTCT are 
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silver bromo complex. No 

also shown in Fig 7. The 

endothermic peaks at temperatures below 100°C are attributed to the loss of water. 
The disparities between TCT and either TU3r or KCT as a matrix medium noted iu this 
system are even more pronounced than those noted for Ag,SO,. Endothermic peaks 
for which the AT,,_ is 245°C indicate AgT-TCT eutectic melting, and, hence, the 
presence of AgT at that temperature. Endothermic peaks for which the AT&,,_ is 

.15O”C correspond quite closely to the 147°C value associated with the #?# a tram&ion 
of AgT’ 2. It is known that the AgT-TU system is fairly Complex, involving compounds 
such as K2AgTs and KA&T5’= and there is no reason to believe that its comphzxity is 
attenuated here. The over& decrease in mass was substantially less than that which 
would be observed if one moIe of CO2 per mole of Ag2C03 were evolved. This 
indicates that the system includes C02- even at high temperatures. clearly, a detaiIed 
interpretation of this system will require additional study. 
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