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The double cyanides of nickel and plat inum form structures capable of enclosing 
also phenol, for example, as guest molecule. Such clathrates are Ni(NH3)2Pt(CN)4 
2 C6HsOH and Ni(en)2Pt(CN)~ �9 0.14 CeHsOH. In the case of the tetracyano complexes, 
different thermal stabilities of their clathrate compounds could be achieved by alter- 
at ion of the constituents of the cage structure and also of the guest molecules. Accord- 
ing to the thermal behaviour, the clathrates may be divided ' into two groups: those 
which release the guest molecules in the first step of thermal  decomposit ion 
(Ni(NH3)2Pt(CN)4- 2 C,HsOH), and those which lose the guest component  only after 
partial destruction of the host cage (Ni(en)~Pt(CN)4 �9 0.14 C~HsOH)�9 The temperature 
ranges of loss of the guest component  may determine the interval for their use in sorptive 
experiments�9 The temperature  range for release of phenol  f rom Ni(NH3)2Pt(CN)a �9 

�9 2 C6HsOH is 55--244 ~ and from Ni(en)2Pt(CN)4 �9 0.14 C6HsOH is 1 3 9 - 2 8 4  ~ The 
model host molecules NiPt(CN)4 �9 6 H~O and Ni(en)3Pt(CN)4 �9 3 H20 were also studied 
by thermal  analysis�9 

The clathrate compounds of tetracyano complexes have been found [11 to 
exhibit higher thermal stabilities that other clathrate compounds described in the 
literature. This holds not only for the clathrate compounds themselves, generally 
written as 

M(NH3)2M'(CN)4 �9 2 G and 
M(en)mM' (CN)~  " nG, but 

also for their host molecules the tetracyano complexes [2]. The host molecules 
have been prepared for a better understanding of the relations between the clathrate 
compounds, their properties described in the literature and also their behaviour 
in several sorptive processes [3]. 

The double cyanides form structures capable of enclosing guest components 
present in the reaction medium during the synthesis of the double cyanide�9 By 
altering the constituents of the cage structures of the host molecules, we could 
achieve different thermal stabilities of the resulting clathrate compounds. We 
used M in the. form of Ni n, Cu u, Cd n and Znn; M' in the form of Ni 1I, Pt u and 
pdlI; and m = 1, 2 and 3. 

Equally, the interaction of the cage with the individual types of guest molecules 
influences the thermal stabilities of the synthesized clathrate compounds. As guest 
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molecules G we used benzene [4], aniline, thiophene, furan and pyrol [5], in 
amounts n = 0.14-2.  

According to literature results, under normal conditions, the guest component 
is not resorbed after being lost on heating of the clathrate compounds. In contrast, 
by keeping our proposed conditions of heating, we observed the ability for re- 
sorption of the guest molecule originally present in the clathrates, and of other 
guest components [3]. 

The results of thermal analysis [6] permit one to predetermine the range of 
temperatures where the compounds persist as clathrates (till n- ~ 0), and further 
the range of temperatures where resorption can be achieved. Thermal analysis 
was also carried out on model host molecules, in the form before clathrate synthesis 
and also during the synthesis. All our compounds may be divided into two groups 
according to their thermal behaviour [6, 7]: 

1. Compounds losing the guest component G in the first step of thermal 
decomposition : 

M(NH3)~M'(CN)~ " 2 G 
M(en) M'(CN)4 �9 2 G 
M(en)3M'(CN)~ �9 0.28 G. 

Within a given range of temperature they gradually lose their clathrate character- 
istics. 

2. Compounds losing the guest component G only after partial thermal destruc- 
tion of the host cage: M(en)2M'(CN)6"O.14G. 

They remain as clathrate compounds, and may be utilized, up to a higher tem- 
perature range. 

To widen the scale of prepared clathrates, we also attempted to enclose phenol 
as guest component in double cyanide of nickel and platinum. Here the phenol 
would be present with opposite function to that in the compound 6 C6H~OH " G, 
described by Kazankin [8], where the phenol molecules formed the host cage en- 
closing other types of molecules. 

We succeeded with phenol, in spite of its physical properties being different 
from those of other guest molecules usually enclosed in tetracyano complexes. 
The compounds were identified and subjected to thermal analysis, and could be 
classified into two series: M(NH3)2M'(CN)4" 2 G and M(en)2M'(CN)~" 0.14 G. 

The compounds examined were Ni(NH3)zPt(CN)~ �9 2 C6HsOH [9] and 
Ni(en)2Pt(CN)4.0.14 C6HsOH , together with the model host molecules. 

Experimental 
Synthesis 

The conditions of synthesis of the clathrate compounds of tetracyano complexes 
with phenol are partly different; the synthesis is not made from solutions of the 
starting materials, MM'(CN)4, ethylenediamine (en) and the guest molecule [4]. 
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The reactions for their synthesis are as follows: 

HzPtCI6 + 2 NaC1- > Na2PtC16 + 2 HC1 

2 Na2PtC16 + N2H4 > 2 Na2PtCI~ + 4 HC1 + Nz 

Na2PtC14 + 4 NaCN ~ Na2Pt(CN)4 + 4 NaC1 

Na2Pt(CN)4 + NiSO4 , NiPt(CN)~ + Na~SO4 

NiPt(CN)~ + a ( e n ) ~  Ni(en)2Pt(CN)~ ~- (a - 2)en 

Ni(en)2Pt(CN)4 + b C~HsOH > Ni(en)2Pt(CN)4 �9 0.14 C6H~OH + 

+ (b - 0.14)C6HsOH 

The precipitated NiPt(CN)4, after having been filtered off and washed with 
water, was dried above conc. H2SO~ and served as starting material for two 
products differing in their water contents: 

1. NiPt(CN)~ was dissolved in ethylenediamine, the pH pas adjusted, and solid 
phenol was added with vigorous mixing; the resulting precipitate was washed with 
HzO and ether. 

2. A saturated aqueous solution of  phenol was added to NiPt(CN)~ dissolved 
in ethylenediamine. The synthesis was carried out in an atmosphere of nitrogene. 

The compounds NiPt(CN)~ and Ni(en)3Pt(CN)4 �9 3 H20 were also prepared as 
models for host molecules. 

All compounds were identified by chemical analysis and by IR spectra. 

Thermal analysis 

Thermal analysis was performed in air using a P a u l i k - P a u l i k - E r d e y  OD 102 
derivatograph and platinum crucibles. Sample weights were 100 mg. The heating 
rates were 6 ~ and 3~ Alumina was employed as reference material. 

Results 

NiPt(CN)4 "6 H20 (Fig. 1) released the H20 in three distinct processes (3 + 1 + 2) 
in the temperature range 3 0 - 2 0 0  ~ with endothermic maxima at 80, 102 and 165 ~ 
The exothermic decomposition began at 290 ~ and ended at 385 ~ 

Ni(en)3Pt(CN)~ �9 3 H~O (Fig. 2) lost the water in an endothermic process with 
DTA maximum at 108~ a weak exothermic process was then to be seen, ending 
at 252 ~ The ethylenediamine was lost in exothermic processes at 2 5 2 -3 2 0  ~ 
320-348  ~ and, together with decomposition of  the cyanides, 348-400  ~ 

Ni(en)2Pt(CN)4 "0.14 C6HsOH) (1) started its decomposition at 40 ~ The loss 
of  not the whole molar weight of  en is as an edothermic process till 139 ~ with a 
DTA maximum at 100 ~ and is followed by an endothermic process (139-284 ~ 
with a DTA maximum at 180 ~ and immediately by an exothermic process (Fig. 
3). The process at 139-284 ~ shows a loss of  weight equivalent to loss of the guest 
molecule. In a double exothermic process (284-336  ~ further ethylenediamine is 
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Fig. 1, Thermal curves for the decomposition of NiPt(CN)4 �9 6 H20; heating rate: 6~ 
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Fig. 2. Thermal curves for the decomposition of Ni(en)3Pt(CN)4 "3 HzO; heating rate: 
6~ 
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Fig. 3. Thermal curves for the decomposition ofNi (en)zPt (CN)a  "0,14 C6HsOH; heating rate: 
6~ 

lost. The decomposition continues in two distinct exothermic processes till 430 ~ 
The compound behaves as a clathrate till 284 ~ (n ~ 0). 

Sample (2) was analytically identified as containing two molecules of H~O. 
It preserved the characteristics of  a compound of  M ( e n ) 2 M ' ( C N ) ~  �9 0.14 C6HsOH 
type. It lost the enclosed guest molecule in the range 148-282 ~ after a loss of  
weight equivalent to approximately 0.75 of the molar amount of ethylenediamine 
from the host cage. 

Discussion 

The compound containing the e n  ligands has different thermal behaviour from 
the analogous compound [9] with simple ammine ligands Ni(NH3)2Pt(CN)4 �9 
�9 2 C6HsOH. 

The compound Ni(NH3)~Pt(CN)4-2C6HsOH released the whole phenol 
content in the temperature range 55-244  ~ in a process with DTA maximum at 
184 ~ and behaved as a clathrate compound up to 244 ~ (Fig. 4). 

Thermal analysis of  the guest molecule alone (phenol)showed an analogous 
decomposition in the range 55-210  ~ (Fig. 4). 

Because of its two e n  ligands, Ni(en)2Pt(CN)a �9 0.14 C~HsOH is not capable of  
enclosing the maximum amount of G; it releases its 0.14 moles of phenol at 139- 
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284 ~ a temperature range analogous to that for Ni(NHa)2Pt(CN)4 �9 2 C6H5OH, 
but only after the loss of  a non-stoichiometric portion of  not exactly one mole 
of  e n  ligand. 

The clathrate compounds Ni(NHa)~Pt(CN)~ �9 2 C6HsOH and Ni(en)zPt(CN)~ �9 
�9 0.14 C6HsOH show the physical properties of  the phenol (Fig, 4) in shifting the 
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Fig. 4. Thermal curves for the decomposition of C6HsOH(...), Ni(en)~Pt(CN)4 " 0.14 C~HsOH 
(- - -) and Ni(NHa)zPt(CN)4 ' 2 C6H~OH ( ); heating rate: 6~ 

temperature range of phenol to higher temperatures and equally in the thermal 
stabilities of  the clathrates. They counterbalance asymmetric shape of  the phenol 
molecule, which hinders its enclosure. 

Ni(NH3)2Pt(CN)~ �9 2 C6HsOH may be included in the group M(NH3)2M'(CN)4 �9 
�9 2 G; these have maximally filled cage spaces, and release the total enclosed guest 
component in the first step of thermal decomposition. 

Ni(en)~Pt(CN)~ �9 0.14C6HsOH behaves as a clathrate compound up to higher 
temperatures, and furthermore, in accordance with the behaviour of  other com- 
pounds  of  this type, after partial destruction of  the host cage it approaches the 
clathrate compound with maximum amount n of  guest molecule. During synthesis 
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the en l igands do  no t  pe rmi t  enclosure o f  the m a x i m u m  a m o u n t  o f  guest  molecule  
G. Therefore ,  i t  loses the  pheno l  content ,  s imilar ly  as for  the  whole  g roup  o f  
M(en)2M(CN)~" 0.14G type,  only  in a higher  the rmal  in terval  ( 1 3 9 - 2 8 4 ~  after  
par t ia l  des t ruct ion  o f  the  hos t  cage. This type  o f  the rmal  destruct ion,  the incap-  
ab i l i ty  o f  the  c o m p o u n d  to enclose pheno l  in m a x i m u m  a m o u n t  dur ing  synthesis,  
together  wi th  the  escape o f  pheno l  only  in the  second step o f  i ts t he rmal  decom-  
pos i t ion ,  are  app rop r i a t e  for  the  c o m p o u n d  satisfying the s to ich iomet ry  o f  
N i ( e n ) z P t ( C N ) 4 . 0 . 1 4  C6HsOH. The  non-s to ich iomet r ic  a m o u n t  is l imi ted  dur ing  
the  synthesis  by  the  number  o f  en l igands (m = 2). The  c o m p o u n d  belongs  to  the 
g roup  M(en)2M'(CN)~.  0.14G with h igher  t he rma l  s tabi l i ty.  I t  is assumed,  i t  will 
fol low the sorpt ive  abi l i ty  o f  such c la thra te  compounds .  
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R~suM~ -- Les cyanures doubles de nickel et de platine forment une structure capable de se 
comporter comme une <~ structure d'aecueil ~ vis-a-vis de la mol6cule de ph6nol. Les compos6s 
Ni(NH3)zPt(CN)c2 C6H~OH et Ni(en)BPt(CN)~.0.14 C~HsOH entrent dans cette cat6gorie. 
Dans le cas des t6tracyanocomplexes, on a pu atteindre une stabilit~ thermique diff6rente de 
celle de leurs clathrates en changeant les constituants de la structure d'accueil ainsi que des 
mol6cules encag6es. Leur comportement thermique se divise en deux groupes: darts le premier, 
les mol6cules encag6es se d6gagent lors de la premi6re 6tape de la d6composition thermique 
[Ni(NH3)~Pt(CN)4-2 C6HsOH], tandis que le deuxi6me groupe ne perd le composant encag6 
qu'apres destruction partielle de la mol6cule d'accueil [Ni(en)zPt(CN)4.0.14 C6H~OH]. Les 
intervalles de temp6rature off s'effeetue le d6part du composant encag6 permettent de pr6dire 
l'intervalle de leur utilisation darts les exp6riences de sorption. On a ~tudi6, par analyse ther- 
mique, 6galement les mol6cules d'accueil NiPt(CN)a.6 H~O et Ni(en)3Pt(CN)~.3 H20. 

Les intervalles de temp6ratures du d6gagement du ph6noI sont 55--244 ~ pour 
Ni(NHz)zPt(CN)~.2 C6H~OH et 139--284 ~ pour Ni(en)zPt(CN)4.0.14 C~HsOH. 

ZUSAMMENFASSUNG --  Die Struktur der doppelten Cyanide yon Nickel und Platin bietet die 
M6glichkeit auch Phenol als Gastmolektil einzuschlieBen. Hierzu zahlen Verbindungen wie 
Ni(NH3)~Pt(CN)~.2 CsHsOH und Ni(en)zPt(CN)4-0.14 CsHsOH. Bei den Tetracyanokom- 
plexen konnte eine verschiedene W~irmebestfindigkeit ihrer Klathratverbindungen durch 
.Anderung der Bestandteile der K/ifigstruktur und auch der Gastmolekiile erreicht werden. 
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Ih r  t he rmisches  Verha l ten  k a n n  in zwei G r u p p e n  unter te i l t  werden : die erste G r u p p e  veriiert  
alas Gas tmolek i i l  in der  ers ten Stufe der t he rmi schen  Ze r se t zung  [Ni(NH~)~Pt (CN)~.2C,HsOH ], 
die zweite n u r  n a c h  teilweiser Zerst /Srung des  Empf/ ingerk/ i f igs  [Ni(en)zPt(CN)~.0.14C~HzOH ]. 
De r  T e m p e r a t u r b e r e i c h  der  A b g a b e  der  G a s t k o m p o n e n t e  ges ta t te t  V o r a u s s a g e n  beziiglich 
ihres  N u t z t m g s b e r e i c h s  in So rp t ionsexpe r imen ten .  Die  Model le  ihrer  Gas tmolekt i te ,  
NiPt(CN)~-6 HzO , Ni(en)zPt(CN)~.3 HzO w u r d e n  ebenfal ls  mit te ls  T h e r m o a n a l y s e  un t e r such t .  

D ie  T e m p e r a t u r b e r e i c h e  der  P h e n o l a b g a b e  s ind  55 bis 244 ~ bei Ni (NH,)~Pt (CN)a  �9 
�9 2 C~H~OH u n d  139 bis 284 ~ bei Ni(en)~Pt(CN)a.  0.14 C , H ~ O H .  

PeBroMe - -  ~BO~ttbIe IIHaHHJIbI Haxesm rI IlJIaTHI-IbI o6paBytoT cTpyKTypbI, CrlOCO6Hble BKJIIOXlaTb 
qberlon I~ax rocTeBylo MoaeI<yJIy. Tai~mvm coe~rmeH~IaM~ zss imoxca  Ni(NH~)2Pt(CN)a.  2C~HsOH 
rI Ni(en)2Pt(CN)~. 0,14C~HsOH. B cJIy'~ae Texpamlarlom, IX I~oMnJIeKCOB pa3nrI ,maa TepMn~ecKaa 
CTa61I.rII,ItOCTt,/aX KJIaTpaTHI, IX c o e ~ r m e m ~  M0~eT 6I, ITt, IlOCTIIFHyTa Bap~,rlpoBaai~eM COCTaBHblX 
tlacTe~ CTpyKTypbI 0CTOBa, a TaKTKe FocTeBbIX MOSleKyJI. Teplvm~ecKoe I/OBe,~eHHe MOXeT ~I~ITb 
pa3~IeJIeHO Ha ~IBe rpymlbi:  ilepBa~ c BI, I~eYleFII, IeM FOCTeBbIX MOJTeKy~I Ha IIepBo/~I CTa~I, IH wepMri- 
, tecxoro pa3J IoxenH~- -  Ni(NH3)~Pt(CN)a �9 2C6HsOH , a BTopaa C noTepe~i rOCTeBO~ I~OMnOrlenTl~I 
TOSmXO IlOC~e '/acT~im-io.~ Aeca'py/alrlrI Mo~ei<yasi <<rocTnxe~in>>--Ni(en)~Pt(CN)a �9 0.14C6HzOH. 
TeMIIepaTypHl, le o6JIacTrt IIOTepH FOCTeBO~ KOMIIOHeHTbI Mox<eT oHpe~eJInTt, mi~epBa:i )isi~ ~x 
I, ICIIOJIt,3OBaHI, IJ:I B COp6IItlOHBt,IX 3I~cneprlMenTax. C IIOMOmT, IO TepMHqCCKOFO anasm3a H3y'~e- 
m,i TaI~xe Mo)lenl~1 Mo:IeKym, i-<<rocTrlTeam>--NiPt(CN),.  6H~O ri Ni(en)~Pt(CN)a .  3H~O. 
TelvmepaTypHo~ o6JIacxmo ~si~eaeHHa ~erfo~ia ~n~ Ni(NHa)2Pt(CN)a �9 2C~HzOH ~JI~eTcs  
55- -244  ~ a ~Imt Ni(en)zPt(CN)a �9 0.14C~HzOH - -  1 3 9 ~ 2 8 4  ~ 
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