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ABSTHACT 

The isolation ofzthe tetraoyano-afokslate olathn*te compound 
from &OlUtiOll& of pFi = 9 range was studled in the case of the 
compound Ni(NH ) Ki(CN) 
waa to. eram3.ne3~i.nl~ i 'G 

.nIi 0. The purpos8 of the inwestigation 
8 dEfferent wster oontent, fo3xi.Ang it8 

guest oomponent and ~luenoiag on its thermal stability.- 
Holding the reaction media to pE b 9 range, we prepared a so- 

lid ooordimto-olathrate with very low quantities of the inter- 
calated water, a8 is to be taken from the results of '3X3, DTA, 
Dm and JR speotra. 

INTRODlJCTXON 

The pmment inwestigation of the aoordinato-clathrates /1/ 

of fefraoyanoocmple&es of Ni(I1) with general formula 

N1.(KH3)mNi(CW-)k.nH20 isolated from ammoniacal media (pK $I 9) is 

in oonueotion with the study of these compounds, isola$ed frem 

the media with pE range 8-5 /2/. Ye found that the content of the 

guest component - in this caee of the water - reflects in very 

sensible way the ohange of the pK value during th% preparation. 

The content of water n = 1,q wa8 found after the isolation at 

pH8, n= 2atpH7,n= 4 at pH 5._Thw by lowering the pK range, 

we may inorease the amount of enolathrafed water. 

The order in the deliberation of gasemus produofs during 

their thermal deoomPo&ition by the combination of DSC an OC 

metho& wan found snd &peoif%ad. The ocmpound prepared at pH 8 

first lost the Sue&G,-- the-water asri--then the wonia ligirads /2/. 

The water is situated in the layers of the lattice /3-5/. 

The distanoe of the layer8 19. the intercalatlen oompound i.8 

affeoted by the guest component content. Lower3.ne the #i during 

the preparation to acidic range, the dzlstance is increased and 

enable8 the sorption of more guest molecule&. 

The compound of the general formula Wi(NH3)mNi(CN)4.n0 have 

various non4toiohiometric form. Just during their w frem 

the stoiohiwetric to a noa-etoiohiometrio form we found a8 p0&- 

sible to aubatitute the guest oontent by an appropriate 0rgsni.c 
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oompound /6/. The originally intercalated species (water or aro- 

matic compound) was totally or partially substitued. 

We found,reversible sorption of the water also in IR spectra 

/2/. The samples of Ni(NH3)2Ni(CN)k.1,9H20 and Ni(NE3)2Ni(CN)4. 

.kH20 after heating to 19O'C (in normal thermal decomposition 

the water content is lost) in measured IR speotra (KRr disc) 

showed d-in the presenoe of the resorbed water. 

As very interestinS results we found the interaotion of the 

M(NH3)mM'(CN)4.nH20 compounds (M P Ni, Cu, M'= Ni) with different 

orgatio compounds, aoting as auxiUary modifying solvents /7/. 

The water, methanol, hexan, oyolohexane did'& affeot their IR 

speotra and diphraotographio patterns, but ameliorated their pro- 

perties, when we used them as stationary phase in CC. Pyridine 

/7/ or dioxane /8/ substituted not only the ammonia ligandn but 

also the original guest and the distance of layers was changed, 

equally their seleotivity toward the mixtures of several organic 

compounds increased. 

I.Uemasu and I.Iwamoto /9/ studied the hydratation reactions 

of Ni(NH3)2NL(CN)4.2C6E6 after its suspension in aqueous media. 

Reaoting with H20 or diluted IiN03 the oompound substituted not 

only its benzene oontent, but also the ammonia ligands. 

MEASURING METHODS 

The preparation of the clathrates of tetraoyanooomplexes 

Ni(I1) of general formula Ni(NR3)mNi(CN)4.nU20 was analogous as 

the previously described /2/ using the media of pH 5-8. Ry mixing 

solutions of Ni II (6s NiS04.7'R20 in 25al H20) and KCN (3S KCN 

in 25ml H20), Ni(CN)2 was prepared, whioh was immediately dissol- 

ved by adding 28-30 ml NR40H (25%). The resultant solution was 

simultaneously cooled and mixed with aoetio acid (6O$) to lower 

the pH value step by step to 11, 10, 9 and a precipitate was 

obtained. Each precipitate was filtered and then washed with 

ethyl alcohol, ether and kept in a dessioator over silioa gel. 

For better diatimguish the formation of the olathrate during 

the preparation by oontinualy ohan&ng the pH range we determined 

the titration ourve of the Ni(RH3)mNi(CN)4 pnd acetic acid (60%). 

Ve used pH meter (Dadelkis OP 102) with glass and oalomel electrc- 

des, automatio byret (OP 930) and reoorder (TZ 4100 Laboratdrni 

p&stroje Praha). 
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The composition of compounds was checked by elemental analy- 

ses (Hewlett Packard CHN Model 185) and IR spectra (Perkin-Elmer 

Model 577, HRr disc technique). 

All TG, DTG, and DTA analyses of prepared compounds were 

measured up to 600~~ in air (Derivatograph MOM OD 102, Paulik- 

-Paula - Erdey), vith equal parameters (weight of sample 200 mg; 

sensivitiesr TO, 200 mg; DTA, l/5, DTG, l/5; heating rate, 

6°min~1~ reference material, A1203). 

RESULTS AND DISCUSSION 

The isolation made from the ammoniacal media (pmq) showed 

that in this case the minimal quantity of water guest was achie- 

ved. The range of pH about p&g is not very favorable for the 

isolation. In contrary the pH range about 8-5 was very convenient, 

the compound may be well and in a sufficient yield isolated with 

an adequate amount of water sorbed as guest. The low yield of 

samples isolated at pH>9 is in aooordanoe with the course of 

their titration ourves, mainly at pH 11. 

The IR spectra showed the identity of the samples, Hy oom- 

parison of the IR spectra of samples isolated at pH 8, 9, 10 and 

11 we could see the deoreasing content of water, mainly in its 
-1 

frequencies at 1650-1350 and 3300-3200 cm . 

Studyipg the thermogravimetric results (TG, DTG and DTA), 

we found that the thermal decomposition of ssmples is in three 

steps and it is enalogous as after isolation from neutral or aoi- 

dio media. In two endothermic processes we oan distringuish the 

loss of water and ammonia and in the erothennic process the de- 

composition of cyanides (Fig.1). For the comparison we show on 

fig.1 also the curves of the sample isolated at pH 7 from the so- 

lution. The loss of the interoalated species - wafer-begins at 

about 50°C. The compound stayed vithout change after standing du- 

ring six months - in the TG ourves. 

The quantities of the intercalated Ii20 sre low: in the oase 

of the semple isolated at pH 9 about 0,4-0,5, at pH 10 n &' 0,3 

andpH11 ng0,2. 

The samples of ooordinatoclatbrates isolated at different pH 

are not only with different quantities of sorbed water, but they 

may be finely distigrlshed in colouring. The samples isolated 

from media pH 8-5 are lightly bleu, these from strongly ammonia- 
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lightly violet. 

Fig.1. n; and M'A curv~e 

of Ni(N'H3)m(CN)4.fi20 

CONCLUSION 

When we.made a deviationTf%om the experimental conditions 

‘~8 obaervad' diYferent amount of. the sorbed water in the prepared 

compounda, 'Chaw the-conditidns by loweping the pH (also into 

the more adfdio ce&.ohs) XIX reaction me&a, 'the @an-t%ty of in- 

terorila%ed'water i8uincreasw. Illatrexx&yeJmRoniacalmedia the 

quantity of iPferoab~te& water are retha low (P led8 as unity), 

but the cempeuud staya-aa.a elathr&e (n> O)* Only if n = 0, the 

compouud haa not areas far the enclosure of the guest at all. 
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