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The thermal decompositions of K~[Fe(CN)4L] "4HaO, H2[Fe(CN)4L] and 
H [Fe(CN) L ] (L = 1, l'-bipyridine, of 1,10-phenanthroline) were studied. The experi- 
mental results showed that the protonated ferrous complexes decompose with forma- 
tion of HCN at lower temperature than the corresponding potassium salts. The decom- 
position of K~[Fe(CN)4L] starts by removal of the ligand L. HCN elimination is fol- 
lowed by a redox reaction with formation of cyanogen in the case of H[Fem(CN)4L]. 

Experimental 

The following compounds were used for derivatographic studies: 

K2[Fen(CN)4bipy] �9 4 H20, Kz[FeH(CN)4phen] " 4 H 2 0 ,  

H2[FeH(CN)~bipy] �9 2 H20, H2[Feu(CN)4phen] " 2 H 2 0 ,  

H[FeIn(CN)4bipy] �9 2 H~O, H[Fem(CN)~phen] �9 2 HzO.  

These complexes were prepared by Schilt's method [1]. 
The thermal studies were made with a M O M  3427/SK derivatograph, in a Pt 

crucible with ~-A1203 as reference material and N2 as inert gas. Other operating 
conditions: Tma x : 1000 ~ heating rate: 10~ The sample weight was 1 0 0 -  300 
rag. The weight losses observed in the T G  curves were referred to 1 mole of  in- 
vestigated complex. 

The evolved H C N  was determined quantitavely by evolved gas analysis [2]. I t  
was absorbed in NH4OH solution and was titrated continuously potentiometri- 
cally (using a CN-selective electrode) with AgNO3 solution. 

The complexes and their solid thermal residues were investigated by I R  and M6ss- 
bauer spectroscopy. The I R  spectra were recorded on a double-beam Carl Zeiss 
UR-10 spectrophotometer in KBr. For  the M6ssbauer measurements a 57Co 
source diffused into Pt was used. The absorbent was cooled with liquid nitrogen. 

Hz[Fe(CN)~bipy]" 2 H20 and H[Fe(CN)~bipy]" 2 H20 were decomposed di- 
rectly in a Varian Mat  111 mass-spectrometer too at different temperatures. 

* XIV. A. Hantshmann, J. Salvetter, H. Hennig and B. Mohai, Thermochim. Acta. 
25 (1978) 341 
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Results and discussion 

Thermal decomposition of  Kz[Fen(CN)~L] �9 4 HzO 

The thermal curves of K2[Fe(CN)~bipy] �9 4 H20 and K2[Fe(CN)4phen] �9 4 HzO 
are given in Fig. 1. In the first step the crystal water is lost at 130 and 140 ~ respec- 
tively. Thermal decomposition of the complexes starts with elimination of the aro- 
matic ligand. The peak temperature of this process is 275 ~ for the bipyridine com- 
plex, and 380 ~ for the phenanthroline complex. The decomposition temperatures 
of  these compounds are lower than those of K4[Fe(CN)~], [Fe(CN)zbipy2] 
and [Fe(CN)2phen2] [3]. This shows that the substitution of two cyanide ligands 
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Fig. 1. TG, DTG, DTA curves of K2[Fe(CN)4L] 

of K~[Fe(CN)6] by one bipyridine or one phenanthroline produces a compound 
which has a lower thermal stability than that of [Fe(CN)2bipy~], [Fe(CN)2phen2] 
or K4[Fe(CN)6] (Table 1). 

Table 1 

Peak temperature of splitting-off of first ligand at thermolysis of 
K~[Fe(CN)6], Kz[Fe(CN)4L] and [Fe(CN)zL2] 

Complex T, ~ Ligand ReL 
split of f  

[3] K~ [Fe(CN)6 ] 
K 2 [Fe(CN)aphen ] 
K2 [Fe( CN) 4bip y ] 
[Fe( CN)2phen~ ] 
[Fe(CN)2bipy~] 

600 
300, 380 

275 
440 
315 

CN 
phen 
bipy 
phen 
bipy 

[3] 
[3] 
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It can be observed in the TG and DTG curves of K2[Fe(CN)4bipy] that the reac. 
tion is accelerated in the final stage of bipyridine loss, while an endothermic effect 
appears in the DTA curve. This can be attributed to a structural transformation 
which helps the leaving of the bipyridine (300~ The reaction may be represented 
by the following equation: 

275, 300 ~ 
2 K2[Fe(CN)4bipy] --+. K2Fe[Fe(CN)~] + 2 KCN + 2 bipy. (1) 

endo, endo 

The thermal curves of K2 [Fe(CN)uohen] show that the loss of the phenanthroline 
ligand occurs in two reactions. It can be assumed that these reactions are the fol- 
lowing: 

2 Kz[Fe(CN)~phen] ~ K2Fe[Fe(CN)6 ] + 2 KCN + 2phen (2) 

3 K2[Fe(CN)4phen] ~ Fe2[Fe(CN)8] + 6 KCN + 3phen. (3) 

K2Fe[Fe(CN)6 ] decomposes to KCN and F%[Fe(CN)6 ] above 500 ~ The final 
stages in the TG and DTA curves of the complexes correspond to the decomposi- 
tion of Fe2[Fe(CN)6] and KCN [4]. 

Thermal decomposition of Ha [Fen(CN)4L] �9 2 H20 

The two hydrogen-tetracyanoferrate(II) complexes decompose with hydrogen 
cyanide formation in endothermic reactions. The complex with bipyridine gives 
off HCN in one step at 140 ~ while that with phenanthroline evolves HCN in two 
steps, at 130 and 160 ~ (Fig. 2). The relatively stable decomposition intermediate 
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Fig. 2. TG, DTG and DTA curves of H2[Fe(CN)4L] 
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of H2[Fe(CN)4phen] is formally a coordinatively non-saturated complex, 
"H[Fe(CNOzphen]"; but I R  and M6ssbauer spectroscopic data show that the 
central a tom is six-coordinated. In the I R  spectra of Hz[Fe(CN)4phen] VCN can be 
observed at 2085 cm -1, while "H[Fe(CN)3phen]" has a wide VCN band at 2095 
cm-1.  This indicates that there is a bridging cyanide ligand in the intermediate. 
The M6ssbauer parameters of  these compounds are not essentially different: 
AEQA = 0.61, AEQB = 0.75, 5 A = --0.25, 5B = --0.2 (A = H3[Fe(CN)~phen], 
B = "H[Fe(CN)3phen]"). This also shows that the central a tom is coordinatively 
saturated in "H[Fe(CN)3phen]". 
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Fig. 3. TG, DTG and DTA curves of H[Fe(CN)~L] 

The decomposition reactions of the compounds are as follows: 

140 ~ ' 
H2[Fe(CN)~bipy] ~ndo. [Fe(CN)2bipy] + 2 H C N  (4) 

130~ 1/n H[Fe(CN)3 (CNH)phen]n + H C N  (5) H2 [Fe( CN)~phen ] ~ndo. 

160 ~ 
~ndo:  [Fe(CN)2phen] + HCN. (6) 

Thermal decomposition of H [Feln(CN)4L] �9 2 H 2 0 .  

The first endothermic reaction can be observed at 140 ~ in the thermal curves of  
these complexes (Fig. 3). The weight change corresponds to the loss of  crystal 
water, and one mole of  H C N  or half a mole of  (CN)2. This process is followed by 
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a slow reaction at 160-200 ~ the weight loss again corresponding to the formation 
of HCN or 0.5 (CN)2. The fact that cyanogen is formed in the second step has been 
proved by the following arguments: 

a) The VCN of intermediate C (C is the solid residue of H[Fem(CN)4bipy] 
heated to 160 ~ can be observed at 2130, 2065 and 2025 cm -1, but IR spectra of 
intermediate D (the solid residue of H[Fem(CN)4bipy] heated to 260 ~ showed 
VCN only at 2070 and 2030 cm- 1. This suggested that the reduction Of ferrate(III) 
to ferrate(II) proceeded between 160 and 260 ~ 

-2HCN 
H 2 [FelI(cN)4 bipg] I~- [FeII(cN)2 bipg]n 

~ I  
lee �9 6 � 9  
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Fig. 4. Mfssbauer speztra of FI2[FetI(CN), , bipy] and H[Fe t~t (CN)4 bipy] and their solid ther 
real residues 

b) The M6ssbauer spectra of intermediate C showed the signals of iron(III,) 
while only iron(II) could be observed in the spectra of D (Fig. 4). 

c) Strong HCN and weak (CN)z lines could be observed in the mass spectra of 
H[Fe(CN)~bipy]. �9 2 H20 at 155 ~ while the (CN)2 lines were more intensive than 
those of HCN at 165 ~ 

d) HCN formation is always endothermic in the thermal decomposition of any 
of the studied cyanoferrate acids; at the same time, if the thermal decomposition 
of paramagnetic cyano complexes which have one unpaired electron starts by 
cyanogen formation, the reaction is always exothermic [5]. 

e) The fact that the thermal curves of H[Fem(CN)aL] correspond to the TG, 
DTG and DTA curves of H2[FeH(CN)4L] only after the slow reaction, is circum- 
stantial evidence. 
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Fe(CN)2bipy  decomposes above 300 ~ with format ion  of bipy and F%[Fe(CN)6]. 
The endothermic (515 ~ and  exothermic (560 ~ peaks in the D T A  curves indicate 
the decomposi t ion of F%[Fe(CN)6] [4]. 

The weight loss is smaller than  one mole phenant ro l ine  in the case of decomposi-  
t ion of Fe(CN)2phen.  This shows that  the bonds  between the central a tom and  the 
phenanthro l ine  l igand are very strong, and  instead of the splitting-off of the ligand 
it is cracked. The relatively strong exothermic effect at  680 ~ can be at t r ibuted to the 
decomposi t ion of an i ron-n i t r i l e  complex. 

The authors thank I. 0tv6s for mass-spectroscopic investigations, and Mrs. Csukfis, 
Mrs. Csiszfir and Mrs. Haeffner for experimental assistance. 
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ZUSAMMENIFASSUNG - -  Die thermische Zersetzung yon K2 [Fe(CN)4L] " 4H20, H~[Fe(CN)~L] 
und HIFe(CN)~L] (L = 1,1'-Dipyridin, 1,10-Phenantrolin) wurde untersucht. Die Versuchser- 
gebnisse zeigten, dass die protonierten Ferrokomplexe unter Bildung von HCN bei niedrigeren 
Temperaturen zersetzt werden, als die entsprechenden Kaliumsalze. Die Zersetzung yon 
K~ [Fe(CN)4L) beginnt dutch die Abspaltung des Liganden L. Nach Eliminierung des HCN 
tolgt eine Redox-Reaktion unter Bildung yon Dizyan im Falle yon H [Fem(CN)4L). 

Pe3mMe - -  H3yHei~o TepMrI'~ec/;oe pa3ao~erlHe K~[Fe(CN)4L] .4H20, H2[Fe(CN)4L] a 
H[Fe(CN)4L] r~le L = 1, l'-6m-rapr~nH ~ 1.10-~eHattTpOJIrlH. ~rcneptlMeHTaYn,I-It,ie pe3yJIt,TaTI,I 
noxaaazm, '~To npoTormpoBaHrmIe roMrlsre~c1,i ~ByxBaJIeHTHOrO ~e~e3a pa3srararoTc~ np~ 
60aee ItrI3rO~ TeMnepaType, HeM coorBeTcTBymmrre raJ1aeBbre co~rt. Pa3no~enae K2[Fe(CN)4L] 
Ha,maaeTc~ c OTIJlemlem~ srrtran~Ia L. B cay~ae H[Fe111(CN)aL] B~,i/xeaenae HCN conpoBom- 
~IaeTc~ orricnrrTeal, no-BoccTarioBnTem, Ho~ pear~ae~ c 06pa30Ba~teM tlnana. 
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