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The  thermal  p roper t i e s  o f  silver f luoride and silver subf luor ide  were  s tud ied  by  
der iva t ive  thermal  analys is  and  by  X- ray  analysis .  F r o m  the results,  conc lus ions  were  
d r a w n  on the d e c o m p o s i t i o n  mechan i sm.  

The  thermal  b e h a v i o u r  o f  silver f luor ide-a lka l i  hal ide sys tems  was  s tudied.  It 
was  es tab l i shed  that  silver f luor ides  react  with the  alkali  halides.  

I N T R O I ) U ( - F I O N  

In s tudy ing  the thermal  b e h a v i o u r  o f  silve., f luorides,  va r ious  a u t h o r s  have  
ob t a ined  a p p a r e n t l y  c o n t r a d i c t o r y  results.  

According.  to o u r  present  knowled,,e~, the mcltina~ poin t  o f  sih-er f luoride ( A g F )  
is 433 ~ o r  435 : C  2 and  the boi l ing poin t  is 1 I47 ~C 3. G u n z  and  ~,V6hler- on heat ing  
an a q u e o u s  so lu t ion  o f  silver f luoride have ob ta ined  a greenish subs tance ,  which on 
the basis o f  analys is  was  f o u n d  to  be  silver subf luor ide .  

W 6 h l e r  and  R o d e n w a l d  s found  ,hat  if  silver subf luor ide  (AgeF)  is hea ted  in 
n i t rogen or  c a r b o n  d ioxide  a t m o s p h e r e ,  a gray  o p a q u e  mass  is f o r m e d  be tween  90 and  

115 :C. which consis ts  o f  silver f luor ide  and  metal l ic  silver. 
Several  a u t h o r s  m a d e  s imilar  obse rva t ions ,  f inding that  A g 2 F  d e c o m p o s e s  at 

100 :C 6. 90 :C -~ and  be tween  100 and  200 :C 8'~. He t t i ch  ~° obse rved  the f o r m a t i o n  o f  
e lementa l  f luorine on s t ronger  heat ing.  Br6d.v and  c o w o r k e r s  t t cou ld  no t  refit)" the  

l ibera t ion  o f  f luorine on d ry  heat ing  at 600 and 800 K and  at a f luorine v a p o u r  pres-  
sure  o f  0.! and  10 Tor r .  in the  presence  o f  mo i s tu re  hyd rogen  f luoride and  oxygen  are  
p r o b a b l y  fo rmed  9. 

in view o f  the  a m b i g u o u s  da la  in the  l i terature,  we dec ided  to s t u d y  the thermal  
b e h a v i o u r  o f  silver f luorides.  Wi th in  the s cope  o f  this w o r k  we s tudied  also the  thermal  
b e h a v i o u r  o f  si lver f luoride and  alkali  hal ide  mixtures .  



E!iPiiRtMESTAL 

Siiver fiuoride usca was a CxI Roth OHG (Karisruhe) product: sib er subff uoride 

was prepared by efectrofy-sis in our Irtboratory_ Accordin_r tc X-ray xalysis {Fis. 2). 

both Sluorides contsintd snw11 amounts of silver and silx-er oxide as impurity. AIkaIi 

halides used in stud_vinp tile above reactions were ReanaI (Budapest) products_ 

The derivatogrzms were recorded on ;f Paclik-Prtulik-Erde:. hfodel 34OM 
dcriv-rrto,grxph in the presxcc of a’:-. Th, z. a= fl-~ous products formed were removed by an 

ejector from the reaction zone _ About St30 mg of material was n-eishcd into a platinum 

crucihlc tuppcr diameter 9 mm). The hating rate wns 1-7 ‘C min- ‘_ 
The X-q- difkw.o~rams wcrc taken on ;1 MfiIIer-Micro i I I X-t-a>- ditirxcto- 

meter and recorded or ;1 PhiIIips Mode1 WV-ICSI recorder under conditions as 

foIIows: radiation Cu -I’ii_ escitation: 40 K\V IS mA. voItage of Ghl tute: 1625 V, 

speed ofdetection 0.5 -C min- ’ _ slit q-stem: I ‘-02 -I . attenuation: 16. rime constant: 

4 e_ speed of chrrn: I( 0 mm h - I_ 
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RESSULTS ASD DISC-LXSIOS 

( A ) Thermal properlics of silwr fluorides 

In Fig. I thederivatograms of ri!-.sr fluoride and silver subPuoride are compared. 
According to the derivatogams. the decomposition of these compounds proceeds in 

several steps. To clear the decomposition mechanism, the heatin of silver fluorides 

was interrupted at difrerent breaking points of the DTG and DTA curves and the 

X-ray diffractogams of the decomposition residues and of the starting materiais were 

taken (Fis. 2). 

Fig. 2. X-my dit?ractograms of the dcwmposition rcsifucs of samples heated to difkrcnt tempera- 
turcs_ 

The X-ray diffraciogam of silver fluoride, heated up to 12O’C (weight loss: 

I _YG) does not exhibit substantial changes, as compared to the non-heated substance 

(Fiz. 2 )_ This means that no compounds ivith new structure were formed during the 

proces, characterized by the DTG peak at 9O’C (Fig. 1). 

The w-eight loss 2nd enthalpy change observed in this step are due to the loss of 

adsorbed water, which was proved by the determination of the water content of the 

sample. 

The X-ray diffractogram of the substance heated up to 27G’C (weight loss: 

3 8%) show-cd in addition to the increase of the intensity of lines characteristic of silver - 

and silver oxide new bands characteristic of silver subfkoride. The intensity of the lines 

of silver fluoride decreased on the X-ray diffractogram. The diffractogram indicates 
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the beginning of IV-U dissociation procc_iscs_ In one of them. silver and Uuorine we 

formed. in the other jil\-cr subfluoridc and fluorine. 

Tkc cothermic peak on the Jsrix-atosram at A_ -95 C indicates the osidation at 

maximum sracd of the metallic silver formed duriy dissociation. 

The X-ray diffiactognm of the substancs hcnttd up to 3IO -C (weight loss: 

6_9Ob) exhibits an increase in the intcnsitk- of the lines of silx-er difluoride- A decrease 

in the intensity of the sii\-t-r oxide line and a further increase in the intensity of lines 

characteristic of mctaliic silver can nfso be obserwd. The increase in the amount of 

metakc silx-er coma partI_\- from the thermal decomposition of silver oside rind partly 

frtam that of tluorides The DTG peak at 400 C on the dcriuatogram (Fis. 1) is indica- 

tive of the maximum speed of the contersian into siI\-er diffuwide. This conversion_ 

hoxcxsr. dccs not proceed qunntita*i\-et)-_ 

The DT_-\ peak at JZO’C indicates the mcitin, n of silver fluoride not yet con- 
:crted I: - 2_ \Vhcn mclrins proceeds at mr~simum speed, the sample has lost already 

about 40” b of its fi uorine iontent. _-\bc>=-e 100 .C, rtIre;.d\ Giver subtluoride dissociates. 
Thr in\-olvcJ precessc~ overlap. 

The thermal rextions can br: described a5 follows: 

(;1j The adxorbcd xater is remwed in the fiat wp: 
CPO’ 

XgF-sH.0 yz AgF+_sH,O 

(6) The decomposition of silver f7uoridc bc$ns Lvhich proceeds only p:wtiaIIy 

in t5c tempcrzturc mn2-e between 30 and 520-C_ 
VU-520 ‘C 

ZA_rF -+ Z-Q + F- 

(c) X pan of thL = ;ilvcr fluoride is conwrtcd at 400 C with maximum spcsd to 

silker subfluoridc. 

(d) Silver sub.-tixide. formed in the aboLe reaction. decomposes on further 

hatins_ Decompositi,ln tr:kc~ place with masimum speed at 450 -C. 

SiJc r~stiurr~ occur too in the dcromposirion nf silk-cr tfuoride. 

(c) Siiwr, formed below 200 -C. oxidizes into jilvcr oxide at 225 ‘C. 

(fj The silver oxide formed dtxomposes at 24O’C. 

f-7) Silrer srrbflrroritk 

Its dcrivatosram i Fig. 1) is k-nilar to that of silwr fluoride. Essential difference 
can be observed OD the DTA curves_ Thcs. the DTX peak at 355 ‘C can be seen onI:. 
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on the DTA cur\-c of silver subfluoride. A slight loss in LveiSht can also be observed 

parallel to the chat-ye in enthaipy, but it does not result in a ne’v DTG peak. To study 

the process in detail. heating of the sample was interrupted at 37O’C. The X-ray 

diffractogram of the cooled product (Fig. 3) shows that the intensities of the silver 
subfluoride lines have decreased_ while that of metallic silver has increased, indicative 
of the fact that the dissociation of siivcr subfl uoride into silver and ff uorine has bqun 

parallel to the process proceeding \\\-ithout loss in weight. Repeated heating the sample 

up to 37O’C, the DTA peak at 3% ‘C appears again and again. as long as the sample 

contains fluorine. showing that the conversion studied is reversible. 

As the course of the derivatoSram above 360-C is similar to that of siker 

fluoride. it is assumed that the reversible reaction taking place at 355 -C is the dissoci- 

ation reaction of sil\.er subfluoride into silver fluoride and metallic silver. The stability 

of silver fluoride formed by the thermal process is lower. therefore its decomposition 

at maximum speed takes place at a lower temperature (333’C! and with higher yield 

(in the step of 3S3 ‘C nearly half of the fluorine content is Iost). than that of the stable 

silver fluoride (4oO’C) chosen as a starting material. 
The them14 reactions takinS place in the thermal decomposition of silver di- 

fluoride are as follows: 

(a) Belo\v 340 ‘C a very small par: of silver subff uoride dissociates into silver and 

fluorine 

‘YC-340 -c 

AgzF -w 2Ag + F 

tb) At 35S’C another dissociation process occurs at maximum speed 

35s ‘C 

3AS2F - 2AgFt2Ag 

silver 

(c) At 3S3 ‘C silver fluoride formed in the above reaction is converted again into 

subfuoride releasing fluorine 

2AgF 34j-c_ A_g,F-t--&F2 

cd) AL 44O’C silver subff uoridc dissociates into silver and ff uorine 

Thus. we did not detect near IOO’C silver subfluoride on heating solid silver 

fluoride as Gunz and Wiihler’: have. on heating aqueous solution of the substance. 

Under our esperimcntal conditions. silver subfluoride \vas formed onI:; above 12O’C. 

The maximum speed of this process was reached at 5oo’C. 

The ibrmation of silver fluoride. on heating silver subfluoride in I he presence of 

air, was detected by means of the DTA curve at 355 ‘C. but due to the reversibility of 

the process we were not able to detect silver fluoride in the cooled samrJe, as contrary 

to the observations of Wohler and co\vorkers’, who have obtained at 90-l I5’C 

silver fluoride from silver subfluoride in nitroSen or carbon dioxide atmosphere. 



X11 this shows that the thermal behat-iour of Giver fluoride is peat& affected 

by ths ercperimentsl conditions and that experiments carried out under different 
conditions result in apparent& contradictory results. The probtem is made more 
difjicult by the aitematins I_ <formation of silver fluorides into each other. zmd by 

the owrlrrp of the consecutive procese5_ 

(B; Remrim 0l’s%-~r~icar~d~s xiilr alkali r~~~~~~.~ 
Figures 3.9 and 5 show the derivatograms of the I; f molar mixture df silver 

subfluoride and afkali hafides, compared to those of the componenis and of the 
corresponding siiver halide, recorded under the same conditions. 

_I_.__- -- _  
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i 

In fig, 3 the D‘TA CID-tz of the mixture of A&F-KC1 exhibits 2 shai‘p exo- 
thcrmic maximum, and si.multaneously the endothermic peak at 355’C, due to the 
dksociaticn of Ag2F, disapg?ears. The maximum is a result of interaction. The endo- 
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Fig_ 5. Study of the reaction of AgZF-KI. (-) Y-I, (---) AgzF+ KI and (---) Agl. 

thermic process at 430 ‘C, indicatin g a melting point (with melting-point depression) 

permits to con&de on the formation of silver chloride (see the derivatogram of silver 

chloride). 

In the case of the A_g,F-KBr misture (Fig 4j. the exothermic peak, indicating 

the interaction. appears at a lower temperature (SOO-‘C). The endothermic process 

observed at 39O’C. is associated with the meltinp of the silver bromide. formed during 

the reaction !see the derivatogram of AgBr). 

While A_g?F reacts with potassium chloride and bromide in a violent exothermic 

reaction. the inreraction with potassium iodide occurs at a Iower temperature and in a 
milder form. Moreover, the process occurs in several steps. Remarkably. the DTA 

curve does not indicate formation of silver iodide: the peak characteristic of the melt- 

ing of silver iodide was not observed at 560°C. 

On studyins the I j I molar mixture of silver fluoride and alkali haiide, new exo- 

thermic peaks appeared on the diagrams, showing the reaction between the com- 

ponents. The reactions take place between 200 and 3OO’C. i.e. at a slightly loiver 
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temperriture rhnn in rhe case of sil\-er subfluoride. (It is remarkable that the oxidation 

of sifter fluoride was obsen-ed in rtc same temperature raqe). Ag,F reacted with 

porassium iodide, w-hi!e AgF with potassium chloride in the mildest form (the reac- 

tions are indicated by ;1 rcIntiveI>- small exothe;mic peak). 

The derktograms permit onl_ in the c:ise of certain alkali halides the con- 

clusion. that sill-er halide and potzlssium fluoride are formed in the oridaCon-reduc- 

tion process berxeen silver subfluoride and alkali halides and in the simple exchange 

reaction between silver fluoride and alkali halides_ 

For n more detailed stud>- of rhe reaction mechanism, heating of mixtures of 

silver tluoride and aikali halide was infcrrupted after the exothermic reaction, and the 

X-ray diffrxtogams of the residues were taken (Fig. 6). Siiver bromide and sil\-er 

iodide were identified on the diffrrtctograms of the residues of the mistures containing 
porassirrm bromide and potassium iodide_ but we could nof identify silver chloride in 

the residue of the mixture containing potassium chloride_ The reaction was indicated 
only by the appearance of the potassium fluoride Iine and some foreign lines. We did 

not find the tines chrtrxteristic of potassium fluoride in the product of the reaction 

betwxn siIver ffuoride and potassium iodide. It is worthy to note that we couid not 
identify sill-er iodide in the residue on heatin, - the misttire of silver subfluoride and 
potassium iodide (Fi_r. 5). silver chloride on heating the mixture of silver fluoride and 

potassium chloride. and potassium fluoride on heatin, 0 the mixture of silver fluoride 

and potassium iodide (Fi_g. 6)_ On the basis of these obsewations and the new Iines 

nut ?;ct identified (Fie. 6) shown on the ditfracto~rams. it may be assumed that not 

only siiver halide, potassium fIuoride and silver mew1 are formed in the reactions 

belwecn silt-er fluorides and aIkaIi halides but other complexes (presumably K[AgX] 

or A@4gX]) too, which may represent intermediates in the formation of silver 
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halides. The  thermal stability o f  these intermediates rnav determine whether  at the 
temperature studie0 silver halide is present in the s_vstem, or not.  
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