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ABSI-RACT 

The thermal behaviour of (n-C~H,,+,NH,),ZnCI, complexes with n = 6, 
8 _- 16 has been investigated by DSC and by temperature variable IR and X-ray 
p&vder diffraction techniques. Comptexes with n = = 12,14, t6 show sotid-solid phase 
transitions which are “mclting’~ transitions of the hydrocarbon regions of the struc- 
ture. The crystal structure of both the low and the high temperature polymorphs is 
characterized by the piling of -sandwiches, each formed by an “inorganic” layer 
sandwiched between two alkylammonium layers. 

IhiRODUCRON 

In previous papers we showed that compounds of the type (n-C,HZli,NH,), 
MCL with M =: Mn, Cu, Co (n == 9, 10 _ _ . 17)‘-L and M ---L Fe, Hg, 2% (n = I2 

andn = 16)s can exist, at temperatures near room temperature, in crystalline forms 
which are characterized by the presence of “inorganic” layers sandwiched between 
hydrocarbon layers in a “liquid-like” state. The conformational freedom of the alkyd 
chains in the latter has been found to be comparabfc to that present in the liquid 
n-alkanes. The thermal hehaviour of the salts with M = Mn, Cu, Fe, Hg is &ffcrent 
from the behaviour of the salts with M = Co, Zn’. This is related to a difierent kind 
of structural organization in the hydrocarbon regions, due to the presence in the 
inorganic layers of the former of tw~imens~onai macroanions with octahedral 
coordination at the metal atom, while unassociated MCI:- tetrahcdra are present 
in the latter’, Thus, both ionic interactions and a two~imensiona~ network of covafent 
bonds hold together the structura3 units in the first case, while only ionic interactions 
are present in the second. Since we are interested in a more detailed unde~ta~di~g 
of these unusual disordered solids, we have extended this investigation to a series of 
Zn(II) r;omplexcs of composition (n-C,H2_+, NHl)rZnCln, in which both types of 
forces seem to be absent. 

* To whom comspondawr?: should be addrrsuxl. 



TABLE I 

CM_cLuIED AND FOIIKD CO_U-. Y OF (n-C,&.-~Nttz)zzCl+ WHP~~ES WITH VARIOLS n’s 

__ P-----P- _ m----e-_.__- 

II C H - -- - ._- __.__. - --- ..__ _- _. 
Calc. (%I KMuld (56) Caic_ (y& 1 KWJd(o/,~ 

_________- .___ --.__ .-_ _-.- 
.----- . -.--- -. -.-_-_ 

- 6 42.60 42.53 8.88 8.92 
8 38.73 48.80 9.H 9.61 

10 53.33 53.26 IO.22 10.28 
12 x92 57.01 10.47 I O-70 
14 59.i9 s9.82 11.03 IO.98 
16 62.14 6207 Il.33 11.37 
_.____ .__ __ -._ ____- -- . . --__.- .-- .__ _-_-. -_-.. . .._- _ .- --__ _._-_ __.. -___--_. - 

Compounds were prepared by mixing hot ethanolic solutions of zinc chloride 
and alkylamine in the molar ratio 1 :2_ After boiling for 5 min, the resulting solutions 

were allowed to cool to room temperature. the white precipitates filtered and re- 

crystallized twice from absolute ethanol. The analyst of the compounds examined 

in this work arc given in Table 1. The thermograms of all the compounds have been 

registered between 190 and 470 K on a Perkin-Eimer DSC-I apparatus at the scanning 
rate of 8 K min-’ _ In N2 atmosphere. pitrc reference cornPounds were used to calibrate 
the temperature scale. Transition enthalpies have been obtained using as a reference 

standard a weighed sample of indium (a/r = 28.5 J g-r). The reported transition 
enthalpiesandentropiesrepresent mean valuesofseveral measurementson independent 
samples_ For each set of measurements the standard deviation is in the order of 5%. 

X-ray diffraction patterns of compacted samples of the powders were taken by 
refiection with a Philips diffrac:ometer using Cu Kr radiation. The diffractometer 
was equipped with an oil-heated apparatus, which aliows to obtain diffraction 
patterns at various temperatures with temperature controls as good as f I K. 
Details of this apparatus have been previously described’. Infrared spectra were 
tzken with a Perkin-Elmer 457 lR_ Spectrophotometcr equipped with a heatablc 
sample cell. Samples were prepared by gently pressing the finely powdered com- 
pounds between KBr windows. Sample thickncssls were in the order of 0.05 mm. 

RESULTS 

Figure 1 shows typical herrting thermograms of the compounds examined in 
this work, With the exception of the hexylamine complex, all the compounds show 
solid-solid pha_sc transitions at temperatures lower thzn 370 K and melt between 

404 and 422 K. giGng a liquidcrystalline material which is stable in a short range 

of temperatures. In the case of the hexylamine complex, a solid-solid phase transition 
is observed also at 440 K. very close to the melting temperature. Table 2 shows 
transition and melting temperatures, enthalpies and entropies as obtained from 



Fig. I. Typical healing Ihcsmogams of (n-C.H- _,, 1 ~Ntl&ZnCl~ complexes with tzrious n’s_ 

heating. thermograms. Whcrc LWO or more transition maxima arc UnresoIvcd, the 
molar cnthalpies have been obtained from the total areas under the curves. 

X-ray diffraction patterns taken by reflection have been obtained, for all the 
complexes investigated in this work, at room temperature and at 380 K. Figure 2 
shows the low angle portion of the patterns obtained when n -= 6, 8, 16 at low and 
high temperatures. The diffraction patterns of all the complexes arc characterized 
by the prcscnce of a series of maxima which correspond LO a unique interlayer spacing. 



_- ---- -- 
n uw A H(k3 mot-‘) AS(J K-1 mot-l) 

6 269 1.3 4.8 
427 8.5 20 

14 31 

8 250 12 4.8 
301 
422= ii 

10 235 1.8 7.7 
276 5.4 20 
30% 1.9 6.3 
417 22 52 

I2 277 1.3 4.7 
335-343 28 83 
413’ 24 57 

14 342-35 J 36 JO4 
26 64 

16 310 1-J 3.5 
351-368 43 12lJ 

29 72 

TABLE 3 

-_-.-__ ---.____---_._ 

n 44 _____ -.__-__-.---~ -.-.- - - 
T = 295x T=3BOK 

6 18.7 19-O 
8 23.6 23.8 

JO 27.4 28.3 
it 28.6 315 
14 31.5 37.4 
16 34.8 41.5 
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Fig. 2, Low angle portion of the X-my diWmXim y~~rcrns of the titk complexes with n - 6. n - 8 
ansIn= 16 taken by rcficction at room tcmmtun (a) and at 3SOK (b)_ Cu Ka radiation. Ni filter. 
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fig, 3. comparison of the inMayer d&arms deduced from the X-ray diffmction patterns ot the 
title cor&acs[~) and of (n-CLHrr+~NH$2MC14 salts with M -= Mn (A) and l - Co (I), taken 
by rdkuion at room tanpcraturc (kfk-hana side) and around 38OK <high!-hand sick)_ 
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Fig_ 4. The IEioo-Ia00 cm-* region of the infrared spocln of the Me complexa with n = 6 and 
n -- 16 takax at room mn~ture (a), at 38OK (b) and ac a few degas above the rcspcctiwz melting 
points. 

Table 3 shows the interlayer spacing deduced from the pttcms at both temperatures, 
and Fig, 3 compares these values with the corrcspondkg data found in the case of 
the tctrachloroman~natcs and tetrachlorocobaltates. Figure 4 shows t.he 1600- 
loo0 cm-’ r&on of the infmrcd qpecira of the complexes with n = 6 arid n = 16 
taken at various incrrrlsing temperatures. 



The thermal bchaviour of compounds containing long-chain alkyl groups is 

often characterized in the solid state by a number of phase transitions, which may 
be associated to very large entropic effects due to the liberation of rotation movements 
about the C-C skeletal bonds. A limiting case in this respect, rexently investigated 
by us, arc the alkyiammonium tetnchlorocobaltates, in which the melting entropy 
is very small if compared with the entropy increase at the solid-solid t~nsition points. 
This is mainly due to the high conformational freedom of the alkyl chains in the 
disordered polymorphs. Table 2 shows, however, that this is not the case for t hc 
comptexcs examinated in this work. The melting entropy is in fact greater than the 
total transition entropy when n -- 6, 8, IO and of the same order in the remaining 
cases. The X-ray powder diffraction patterns and the infrared spectra of Figs. 2 and 4 

show, on the other hand, that the observed phase transitions are mainly of the 
order-order kind when R -- 6, 8, IO and of the order-disorder kind in the other 
casts. This is decidedly shown by the presence of a typical amorphous halo’, centered 
around 4.93 A, in the high-temperature patterns of the longer-chain complexes, while 
sharp peaks are observed in the same re@on when n = 6,s. IO. The same conclusion 
can be derived from the infrared spectra of Fig. 4. While in fact no significant 
diflenenccs are observed between low-’ and high-temperature spectra for the com- 
pound with n -= 6 in the solid state, the high-tem~~ture spectrum of the hexadecyl- 
amine complex is very different from the low-temperature one, and practically 
identical to the spectrum obtained from the molten compound. A more detailed 
discussion on this kind of spectra can be found in ref. 9_ The solid-solid transitions 
obsexxd for the higher members of thescricsarc thus order-disorder phase transitions, 
and the alkyl chains arc conformationally disordcrcd in the high-tcmperaturc poly- 

morphs, 
further information on the structure of the Iow- and the high-tcmpcmturu 

polymorphs can be obtained from the X-ray diGaction patterns. Thcsc are very 

similar to the patterns observed in the case of the alkylammonium tctrachloromctal- 
tatc.s’-‘- ‘* 9, and can be considered as indicative of a layer structure in which 

Fig. 5. View of the layer sfructure of (nGHr.+rNH&MClr salrs with M = Co and M = Zn, 
showing interulalion among chains from swxssi ve inorganic layers (room rcrnpcrature form). 
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Fig. 6. View of the &yx structure of (n-CmHzI, I NH&MCl~sdts with M = Mn (room temperature 
form). 

hydrocarbon and inorgank layers are alternate. The main structural difference 
between Mn(l1) and Co(H) or Zn(i1) alkylammonium salts lies in the mode of 
packing of the alkyl chains in the low-temperature polymorphs. In the case of the 
Mn(ll) salts, ,the macroanions are sandwiched each between two alkylammonium 
layers with the -NH: groups in contact with the macroanions. Successive sand- 
wiches face each other with the methyl ends of the chains. in the case of the Co(lI) 
and Zn(ll) salts, however, adjacent layers of alkylammonium ions are intercdatcd. 

The alkyl chains are perpendicular to the inorganic layers in the latter (Fig. 5). 
while they are bent at an angle of the order of 45” in the Mn(Ii) salts (Fig. 6)‘jm *_ 
The presence of intercalation of the alkyl chains causes the Co(H) and Zn(II) salts 
to show smaller values of the distance between successive inorganic layers. The 
structure of the high-temperature polymorphs seems to be in both cases charactcrizcd 
by facing disordered hydrocarbon layers without intercalation. 

The plots of Fig_ 3 show that the main structural fatures of the Zn(JI) com- 
plexes examined in this work arc probably similar to those of the tctnchloro- 
manganates, both in the low- and high-temperature disordered forms of the higher 
members of the series. If it is so, an interesting point can be the reason why structures 
like that in Fig. 6 are preferred with respect to structures with intercalation like that 
shown in F& 5. We intend to perform a single crystal structure determination of the 
complex ‘with n = 16 in order to obtain more direct information on this point. 
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