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ABSTRACT

The thermal features of unbranched compounds of general formula [(C,H,,,,,),NH,_,]I,
with n=0-4 and p =1-4, were studied by thermoanalytical methods (DTA, TG, DTG and
Q-TG). All the compounds studied undergo decomposition upon heating, leading to their
total volatilisation. In the primary step of the thermal dissociation of these derivatives, HI or
RI, in the case of quaternary salts, and the appropriate amines are released in the gaseous
phase. This simple thermal decomposition pattern is usually complicated by secondary
reactions of an oxidative nature. The latter processes most probably originate from the
thermal instability of HI, which can spontaneously decompose to H, and 1, giving iodine
molecules of high oxidative potential.

The enthalpies of the thermal dissociation were estimated on the basis of the van’t Hoff
equation using dynamic thermogravimetric curves. Values derived in this way were used
together with available literature data to evaluate the enthalpies of formation and the crystal
lattice energies of the hydriodides studied. The crystal lattice energy problems were also
examined within the Kapustinskii—Yatsimirskii approach. An attempt was made to describe
the kinetics of the thermal decomposition by adopting an Arrhenius model. The influence of
the structure of the amines on the thermal behaviour of their iodide salts is reviewed and
thoroughly discussed.

INTRODUCTION

Nitrogen organic bases are constituent parts of many biological systems
either in neat form or as fragments of macromolecules. The behaviour of
these derivatives is predominantly determined by the presence of a lone
electron pair at the nitrogen atom. This lone electron pair imparts basic
properties to these molecules. Many features of nitrogen organic bases result
from the possibility of their interaction with numerous inorganic or organic
acids. Such interactions are made possible by the formation of a strong
hydrogen bond between nitrogen and proton. Nitrogen atoms of organic
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bases may also participate in hydrogen-type bonds that are weaker, than
those described above. Moreover, molecules of nitrogen organic bases and
those that have electron vacancies may take part in electron-donor—acceptor
interactions. All the interactions mentioned above are important for under-
standing the activity and behaviour of these derivatives in biological sys-
tems.

In the past, much attention has been devoted to the nature of the
hydrogen bonds in which nitrogen bases are involved [2-9]. Several of our
previous works have been essentially concerned with this problem [10-12].
Their aim was to reveal the influence of the structure of a nitrogen-base
cation on the thermal features and thermochemistry of salts containing
simple inorganic anions: Cl~, Br~ and SnCl2~. The present paper, which is
a continuation of these studies, reports on the thermolysis and thermochem-
istry of alkanaminium iodides.

The choice of salts containing a large spherical ion, i.e. 17, for the
investigations creates an opportunity for the comparison of the properties of
halogenide salts in the chloride-bromide—iodide series. However, hydrio-
dides differ somewhat from chloride and bromide salts because the enthalpy
of formation of HI(g), which is expected to be one of the thermal dissocia-
tion products, is positive (AH5[HI]=26.5 kJ mol~'), whereas the en-
thalpies of formation of HCl and HBr are both negative (A H;Sg[HCIl] =
—92.3kJ mol~' and AH5.[HBr] = —36.4 kJ mol~") [13,14]. Therefore HI,
unlike HCl and HBr, can decompose spontaneously into its constituent
elements. Because iodine has an oxidative potential similar to that of
gaseous O, (I,/17=10.535 V and O,/OH™ = 0.401 V [15]), it can act as an
oxidising agent towards organic fragments of molecules. Thus, iodides
should exhibit unique properties among halogenide salts of nitrogen organic
bases.

EXPERIMENTAL

All the reagents used were of the best available grades: [Me,N]I, from
BDH Chemicals Ltd., [Et,N]I and [»#-Pr,N]I, both from Fluka AG and
Busch SG, and [n#-BuN]I, from Merck, were all of AnalaR grade and were
used as received. NH, 1, from P.O.Ch., Poland, was recrystallised twice from
MeOH. Most of the compounds studied were prepared by mixing an
aqueous solution of the appropriate base with an almost stoichiometric
amount of hydriodic acid. The resulting crystals were separated and purified
by repeated recrystallisations from MeOH [6,8,16,17]. The hydriodides of
N-propylpropanamine, N, N-dipropylpropanamine, N-butylbutanamine and
N, N-dibutylbutanamine were synthesised by saturating solutions of the
amines in n-hexane with gaseous HI [18]. All the compounds were dried and
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kept in a vacuum desiccator over P,O; in the dark. The identity of the
compounds was checked by elemental analysis (performed on a Carlo Erba
model 1106 elemental analyser) and by determination of the iodide ion
content.

The dynamic thermal analyses were carried out on an OD-103 derivato-
graph (Monikon) with a-Al,0O; as reference in a dynamic atmosphere of N,.
The samples (50 mg) were placed on one platinum plate of the polyplate
sample holder [19]. Other operating conditions were as follows: heating rate
approx. 5 K min~'; sensitivities of DTG, DTA and TG galvanometers, - or
4, 15 or 3 and 50 mg, respectively. The thermogravimetric analyses in
guasi-isothermal-isobaric conditions [20) were performed on a Q-1500 de-
rivatograph (Monikon) with 100 mg samples in a special platinum labyrinth
crucible. The samples were heated at a rate of around 3 K min~!. The rate
of mass loss was adjusted to 1 mg min~".

The temperatures corresponding to the appropriate values of the extent of
volatilisation, «, were determined from the TG curves (see Fig. 1) in the
manner described previously [21]. The range of a over which these data
points were taken was chosen by examination of both the TG and DTG
curves; it extended over the range in which smooth shapes, indicating simple
one-step decomposition, were observed. Each a versus T data point was
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Fig. 1. Dynamic thermal analyses of (A) ethanaminium iodide, (B) N-propylpropanaminium
iodide and (C) N, N, N-tributylbutanaminium iodide. (1) Solid state phase transition; (2)
melting.
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TABLE 1

a versus T for the volatilisation of ammonium iodide (A), N-propylpropanamonium iodide
(B) and N, N, N-tributylbutanaminium iodide (C)

o Temperature (K)
A B C

0.10 489.6 519.7 472.0
0.18 502.4 530.9 478.9
0.26 511.2 539.1 484.3
0.34 517.5 544.5 488.3
0.42 5221 550.1 491.6
0.50 526.4 555.4 495.2
0.58 530.6 559.7 498.4
0.66 534.4 564.0 503.3
0.74 537.7 568.1 509.3
0.82 542.0 - -
0.90 547.0 - -

determined from at least three replicate measurements. An example of a
measurement is given in Table 1.

RESULTS AND DISCUSSION
General features of the thermal processes

The thermoanalytical curves recorded under both dynamic and quasi-iso-
thermal-isobaric conditions for the few chosen compounds are shown in

q LA LAY LA R A L B |
» 20 L
]
o L
£ a0 -
g
: I
_ 60 -
°
< 80 L
(3]
o 3
a
100 -
B IO I NS S | YN R T Y T N W I
373 573 773 373 573 773
Temperature in K

Fig. 2. Quasi-isothermal-isobaric thermogravimetric analyses of (A) ammonium iodide, (B)
ethanaminium iodide, (C) N-ethylethanaminium iodide, (D) N, N-diethylethanaminium iodide
and (E) N, N, N-triethylethanaminium iodide.
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Figs. 1 and 2. To facilitate further discussion the essential parameters
characterising the thermal behaviour of the compounds studied, derived
from the thermal analysis curves, together with the available literature
information are given in Table 2.

All the compounds studied undergo complete volatilisation upon heating
up to around 750 K. The thermal processes accompanying volatilisation, are
in most cases, complex (see Table 2). This is particularly demonstrated by
the pattern of the DTA curves (see, for example, Fig. 1) and also the Q-TG
curves (see, for example, Fig. 2). With simple decompositions, a single
endothermic effect is expected, as has been observed during volatilisation of
chloride and bromide salts of alkanamines [10,12]. The volatilisation of
iodide salts is often accompanied by exothermic effects: this implies that
side processes proceed simultaneously with the primary decomposition. The
thermolyses of chloride, bromide and also hexachlorostannate salts of alk-
anamines [10-12] are characterised by a simple decomposition pattern, as
mentioned above, and also by the fact that at the end of the process a “tail”
is seen which we believe is caused by a kinetic phenomenon, namely, the
decrease in the volatilisation rate due to non-continuous changes in the
geometric surface area of a condensed phase. The thermal decomposition of
iodide salts is also sometimes accompanied by a “tail” whose shape,
however, indicates the occurrence of side processes such as oxidation or
carbonisation. Thermolysis of some of the compounds studied is preceded
by solid state phase transitions or melting. The temperatures corresponding
to these processes derived in this work compare well with those reported in
the literature.

The thermolysis temperatures, namely 7, (from DTG and DTA), T,
T,,, Ty;, and AT, are characteristic features for a given compound. For
quaternary salts, T,, Ty, Ty, and Tj5, values decrease markedly with
increasing length of the n-alkyl substituent. A similar tendency is rather
weak in the case of hydriodides of primary, secondary and tertiary amines.
The characteristic temperatures of thermolysis of iodide salts of alkanamines
are, in general, very similar to those reported earlier for the corresponding
bromide salts [12]. It is, however, worth mentioning that iodides volatilise at
higher temperatures than the corresponding chloride salts [10]. On the other
hand, the characteristic temperatures of thermolysis of iodides are lower
than those of the corresponding hexachlorostannate salts [11]. These trends
correlate qualitatively with the stability of the alkanaminium salts.

The nature of the thermal processes

The hydrogen bond between nitrogen and proton is, undoubtedly, the
weakest bonding side in molecules of alkanamine hydriodides. Provided the
crystal structure of these compounds is preserved, the hydrogen bond is part
of a whole system of interactions which hold together all the fragments in
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the lattice. With heating, however, this bond can be expected to rupture.
Thus, the primary process in the thermolysis of alkanamine hydriodides is
the release of the appropriate amines and HI. The prediction regarding the
primary step in the thermolysis of quaternary salts is not so simple. This is
because all the N-C bonds in tetrahedral alkanaminium cations are non-dis-
tinguishable and have a much higher energy than the N .- H hydrogen
bond in primary, secondary or tertiary alkanaminium cations. Experiments
regarding the decomposition of quaternary alkanaminium halides [10,12,43]
suggest that the primary step in the thermal decomposition of these deriva-
tives is release of the appropriate haloalkanes and tertiary amines in the
gaseous phase. This theory is supported by the fact that the reverse process
proceeds relatively easily [44]. In conclusion, the primary step in the ther-
molysis of the compounds studied can be summarised with the equation

[R,NH,_,]I(lc) >R, ,NH,_,.,(g) + (1 —a)HI(g) + aRI(g) (1)

where a =1 for quaternary salts and @ =0 for the remaining compounds
studied.

The volatilisation temperatures for alkanaminium iodides (Table 2) are
far above the boiling points of the corresponding amines and HI [15].
Therefore, in all cases one can expect release of the decomposition frag-
ments in the gaseous phase. Several experimental and theoretical works
indicate, however, the possible existence of weak interactions between mole-
cules of amines or amines and HI after leaving the condensed phase
[4,5,9,45-47]. Such interactions are expected to be rather weak especially at
the relatively high temperatures of the volatilisation process. One, therefore,
may assume that eqn. (1), which takes into account the fact that dissociation
fragments behave as kinetically free molecules in the gaseous phase, is a
valid expression of the primary step in the thermal decomposition of the
compounds examined. This assumption forms a convenient framework for
further thermochemical and kinetic considerations.

The nature of the secondary and side processes indicated by the thermo-
analytical curves has not been studied. As mentioned above, it may be
thought that secondary processes are of oxidative origin and that they occur
due to the expected presence of I, molecules in the reacting system. This
latter species may easily occur because HI is thermodynamically unstable
(AG S5 = 1.7 kJ mol ™' [14]). This implies that the compound can sponta-
neously decompose into its constituent elements. This does not actually
occur at ambient temperature as the process presumably requires that an
activation barrier be overcome; this should be easy at the higher tempera-
tures of the volatilisation process. A possible side process would be the
destruction of the organic parts of the molecules. All secondary and side
processes are usually observed when dissociation and volatilisation are far
advanced. Moreover, they most probably occur with the participation of
gaseous reactants, and thus do not affect the thermogravimetric curves.
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Therefore, it seems justifiable to use dynamic TG curves for the examination
of the thermodynamics and kinetics of reaction (1).

Thermodynamics and kinetics of the thermal dissociation

Reaction (1) presents a simple chemical process which expresses the
release of two gaseous molecules from one structural unit of alkanaminium
iodide. If the reacting system attains the equilibrium state at a certain
temperature then the experimental extent of the decomposition (a) is
directly related to the pressures of both gaseous components and, thus, to
the equilibrium constant. This allows the evaluation of the enthalpy change
for the process from the van’t Hoff equation which can be written in the
form

Ina=-(AH,/2R)(1/T)+ (AH,/2R)(1/T,) (2)

where « is equal to P/P, (P is the equilibrium vapour pressure at a given
temperature 7, and P, is the atmospheric pressure), R is the gas constant
and T, represents the volatilisation temperature, i.e. the temperature at
which P reaches P,. This approach implies that the process does not need to
overcome any additional energy barrier apart from that resulting from the
thermodynamic requirements. In addition, other processes, such as diffusion
of gaseous products, heat transfer, side reactions, etc., cannot influence the
decomposition process.

Using experimental a versus T dependencies the AH, and 7, values were
derived and these are listed in Table 3. For two of the compounds studied,
the dissociation pressures were measured by other methods. The reported
literature values of AH, and T, or their values evaluated on the basis of
literature P versus T dependencies and eqn. (2), are also shown in Table 3.
As can be seen, the AH, for NH,I derived in this work compares well with
literature values. On the other hand, the 7, wvalues evaluated for this
compound from literature P versus T dependencies are more than 100 K
higher than values found in the present study. Also, when thermal analyses
were performed on a similar instrument but using samples of a larger mass
placed in different crucibles, the temperatures corresponding to the decom-
position of NH,I were around 70 K higher than those shown in Table 2 [48].
All the above clearly indicates that the T, values are markedly dependent on
the conditions under which the process takes place. The discrepancies
between the AH, and T, values derived in this work for [Me,N]I and those
evaluated from the P versus T data reported by Smith and Calvert [43] are
the result of the existence of a kinetic barrier for the process. This problem
will be discussed subsequently.

The dissociative volatilisation of alkanaminium iodides presents an exam-
ple of a simple process proceeding in the condensed phase. For such a
process the classical Arrhenius model can be applied to describe the kinetic
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phenomena. This approach requires that only one step in the overall process
is a slow one and that this rate-determining step governs the kinetics of the
whole reaction. According to this approach the integral kinetic equation
takes the form

g(1 —a) = (ZT/9) exp(—E,/2RT) (3)

which is adequate for linear temperature-increase conditions [54]. In eqn.
(3), g(1 — a) represents the kinetic model for the process (i.e. from the
physical point-of-view, the reaction pathway), ¢ is the heating rate, Z is a
constant, E, represents the activation barrier for the reaction and the factor
2 in the exponential term accounts for the fact that the transition state for
the dissociative volatilisation of alkanaminium iodides is considered as a
loosely bound complex of amine and HI (or RI) molecules [11,12,55].

Using experimental a versus T dependencies the kinetic constants were
derived from eqn. (3) choosing two reaction models, namely the zero kinetic
order model (R1) and the surface contracting area model (R2) [21]: these are
presented in Table 3. These two models were chosen as they seemed to
correspond best to the nature of the process and the conditions of its
realisation. It was also found that both models fit the experimental data
points very well.

A further question arises as to whether this approach provides real
information on the kinetics of the processes examined: it is difficult to
answer this question, particularly with regard to the reaction pathway. The
Arrhenius model presents a somewhat purely formal approach to the kinet-
ics of processes involving solids. Nevertheless, the calculations performed do
show that the experimental extent of reaction versus T data points fit the
exponential-type dependence resulting from this model. Therefore, some
meaning can be ascribed to the activation barrier. For the two chosen
reaction models, the E, values are either somewhat lower than AH,, for the
R1 model, or slightly higher than AH, for the R2 model. If either model
actually describes the kinetic phenomena, this would mean that the volatili-
sation process of all the hydriodides studied proceeds without any additional
activation barrier apart from that resulting from the enthalpy change.

Examining both thermodynamic and kinetic data shown in Table 3, it can
be seen that the AH, and E, values for quaternary salts are surprisingly
high in comparison with values for other compounds studied. This may
suggest that decomposition of these latter derivatives involves a considerable
activation barrier.

Thermochemical characteristics
Using the values of AH, derived in this work and certain literature

information, several thermochemical characteristics for the compounds ex-
amined can be determined on the basis of Hess’s law. The various relations
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TABLE 4
The thermochemical characteristics (kJ mol™?) of the alkanaminium iodides at 298 K °
Compound AH?  AHZ u=e
This work  From the This work ®  From
literature A B the literature
[NH,]I 182 —202 —201.4{14,16] 631 631 594 [63]
(182) (—202) —202.1 [58,59)] 603 [64]
609 [65]
619, 621 [66]
628 [16]
634 [67)
637 [58]
[MeNH,]I 232 —228 -200.5 [60] 632 583 608 [16)
(183)  (—179) ~200.7 [16]
[Me,NH,]I 178 -17 —200.0 {60] 554 571 587 [16]
(196)  (—188) ~201.7 [16]
[Me;NHI]I 179 -177 -~202.7 [60] 539 547 565 [16]
(186) (—185) -~203.0 [16]
[Me, NI (181)  (—190) —203.5 [16] 531 477(68]
-203.9[61] 498 [69]
506 [61]
518 [70]
544 [16]
[EtNH,]I 192 -214 - 234.1 [18] 581 581 608, 640 [18]
(193)  (—214)
[Et,NH,]I 195 —242 —263.0 [18] 552 560 580, 624 [18)
(204)  (—250)
[Et,NH]I 179 —246 ~289.0[18) 510 549 558, 601 [18)
(219  (—285)
[Et,NII (216)  (—316) ~300.2 [61] 530 396 [62]
~317.0[18] 448 [68]
- 331.5[62] 449 [69]
459 [70]
478 [61]
583 [18]
[n-PrNH, ]I 174 —218 557 580
(198)  (—241)
[7-Pr,NH, ]I 217 - 307 565 554
(206) (—295)
[n-Pr,NH]I 188 —-323 509 531
Q11)  (—345)
[n-Pr NI (204)  (—395) 505
[r-BuNH,]I 159 225 540 583
(203)  (—268)
{r-Bu,NH,JI 220 —351 564 563
(220)  (—350)
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Table 4 (continued)

Compound AH? AHZ ue
This work From the This work ® From
literature A B the literature
[n-Bu ;NH]I 148 —344 464 497
(182) (=377
[7-Bu ,NII (185) (—460) 484

* Values estimated are given in parentheses.

b A, values determined from the thermochemical cycle; B, values evaluated from the
Kapustinskii—Yatsimirskii equation (using r;- = 0.22 nm [13,71] and modifying values of ry
from ref. 57 relative to ro- = 0.181 [10,13,56,71}).

between the thermochemical quantities can be conveniently presented in the
form of a thermochemical cycle. Such a cycle for the alkanaminium iodides
would be analogous to that for the chloride salts which has been published
elsewhere [56]. The relations resulting from the thermochemical cycle for
hydriodides of alkanamines are presented below in eqns. (4) and (5)

AHS[(R,NH,_,)I| =AHS[R,NH,_,| + AHZS[HI] - AH? (4)
U°[(R,NH,_ )| =AHZ[R,NH;_| +AHS[17]
—-AHZ[(R,NH,_,)I] - 2RT (5)

All magnitudes in eqns. (4) and (5) refer to 298 K and 1 atm, A H;® denotes
the enthalpy of formation of a given species ( p =1-3) and (U® + 2RT) is
the lattice enthalpy (U © represents the lattice energy).

The enthalpies of volatilisation of hydriodides derived from eqn. (2) do
not refer to 298 K. Therefore, they were modified according to the equation

T
AHVG=AHV+EAH;’+AH§?—'[ AC dT (6)
298

where the term ZAH_® arises from any polymorphic transitions which these
compounds may undergo between 298 K and the onset of fusion or
volatilisation, AH,? is the enthalpy of fusion, while the term [,5, AC> dT
accounts for the change in enthalpy resulting from'changes in the heat
capacities of the reactants. The enthalpies of solid-state transitions and
fusion were either taken directly from the literature [8,17] or were estimated
in the previously described manner [12]. In the absence of heat capacity data
for salts and the corresponding decomposition products, a value of —7.0 kJ
mol ™! was arbitrarily chosen for the heat capacity term in eqn. (6). This
value was assumed on the basis of our previous work regarding the thermo-
chemistry of hydrochloride and hydrobromide salts of alkanamines [10,12].
The modified AH° values are listed in Table 4.
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To evaluate the thermochemical quantities derived from egns. (4) and (5),
we used the values of the enthalpies of formation of the gaseous amines and
corresponding alkanaminium cations from ref. 57. Furthermore, the
AHG[HI] and AHG[1"] values were assumed to be (kJ mol ') 26.5 [14] and
—196 [13-15], respectively. The AHS and U™ values derived for the
hydriodides of ammonia and the primary, secondary and tertiary amines
studied, together with the available literature data, are shown.in Table 4.

The values in Table 4 demonstrate that the standard enthalpies of
formation and the crystal lattice energies derived from the thermochemical
cycle both decrease with an increase in the size and number of alkyl
substituents ( p) at the nitrogen atom. For previously examined chloride
[10], bromide [12] and hexachlorostannate [11] salts of alkanamines, the
analogous dependencies are almost linear, indicating the additive nature of
both quantities. These dependencies enabled the estimation, by extrapola-
tion, of AHS and U*® values for the corresponding quaternary salts. In the
case of the compounds studied, the values of AHS and U® versus P are
poorly approximated by linear relationships. It does not, therefore, seem
appropriate to use the above mentioned procedure for the estimation of the
thermochemical characteristics of quaternary iodide salts.

In addition, with respect to the thermochemistry of the compounds
examined, the approximate method was used to evaluate the crystal lattice
energies. This method was originally developed and subsequently improved
by Kapustinskii [72] and Yatsimirskii [73]. According to these authors, the
lattice energy of ionic crystals can be approximated by using the equation

U=120.2[(2,)ZxZs/(rx + 73)][1 — 0.0345/(r¢ + ry) + 0.087(r¢ + 14)]
(kJ mol 1) (7)

where (Z,) is the total number of ions in the simplest formula unit of the
molecule, Z; and Z, are the numerical values of the charges of the cation
and anion, respectively, and r¢ and r, are the “thermochemical” ionic radii
(in nm). The evaluated values of U, using available literature information
(see footnotes of Table 4), are listed in Table 4. A further insight into the
thermochemistry of the compounds examined was made possible by calcu-
lating AH;Z and AH,” values from rearranged forms of eqns. (4) and (5).
For this estimation, the ancillary data mentioned above were used. This
enabled the thermochemical characteristics of the hydriodides of amines to
be obtained. The enthalpies of formation and the enthalpies of the thermal
decomposition for quaternary salts were similarly estimated by using U
values evaluated from the Kapustinskii—Yatsimirskii equation and values of
the enthalpies of formation of the corresponding quaternary alkanaminium
cations from ref. 57. In the latter, the calculation values of AH([Mel],
AHG[Et] and AH{G[n-Prl] were taken to be 14.7, —7.5 and —30.3 kJ
mol !, respectively [60]. The value of AH G [n-Bul] was estimated to be
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—52.8 kJ mol™" by Benson’s group additivity method [74]. The AH,$ and
AH? values evaluated in the manner described above for all the com-
pounds examined are shown, in parentheses, in Table 4.

For ammonium iodide only, the thermochemical characteristics evaluated
in both ways agree very well with each other. They also fit well with the
reported literature values. For ethanaminium iodide, N-ethylethanaminium
iodide, N-propylpropanaminium iodide and N-butylbutanaminium iodide,
the agreement between the values derived from the thermochemical cycle
and the estimated values is also very good, although they do not correspond
well with the available literature values. For methanaminium iodide, the
values estimated from the thermochemical cycle do not fit either those
estimated from eqn. (7) or those reported in the literature. It is perhaps
worth mentioning that the AH;” value for [MeNH,]I is much higher than
that predicted from eqn. (7). For the remaining compounds the crystal
lattice energies estimated from eqn. (7) are higher than those resulting from
the thermochemical cycle. This is because AH.> values derived from dy-
namic thermogravimetric measurements are generally lower than those pre-
dicted on the basis of eqn. (7) (see values in parentheses in Table 4). These
discrepancies are most probably a consequence of the occurrence of side
processes. In such cases, the TG curves correspond to the overall complex
process rather than to the simple decomposition process given in reaction
(1). Special attention has to be paid to the quaternary salts. The predicted
enthalpy changes for the decomposition process correspond very well to
other AH? wvalues for a given group of compounds (Table 4). On the other
hand, these predicted values are markedly lower than those determined
using thermogravimetric curves (Table 3). The most probable explanation of
this is that the thermal decomposition of the quaternary salts involves a
considerable activation barrier in addition to that resulting from the thermo-
dynamic requirements, i.e. AH?. The enormously high AH?® value for
[MeNH,]I (Table 3) is most probably also due to the existence of some
kinetic barrier for the decomposition process.

CONCLUDING REMARKS

The thermolysis of alkanaminium iodides is complex compared with the
thermal dissociation of the chloride and bromide salts of the corresponding
amines. We believe that this is caused by the thermal instability of HI which
is expected to be one of the primary decomposition products. The thermo-
chemical characteristics always correspond to a well-defined chemical pro-
cess or to the state of the system. In our case, this is not always the case and,
therefore, the AH®, AHZ and U® values derived cannot be accepted
without reservation. Nevertheless, the results of this study follow the general
trends observed in the examination of other alkanamine salts [10-12]. They
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also seem to confirm that the fundamental thermochemical characteristics
for alkanaminium halides, such as enthalpies of formation, crystal lattice
energies and also “thermochemical” radii, are additive in nature.

Special attention should be devoted to the crystal lattice energy values
which express the magnitude of the cohesive forces keeping the constituents
in the lattice. Despite the approximate character of the U values derived in
this work (Table 4), it can be seen that they vary rather insignificantly
with the size and number of alkyl substituents at nitrogen atom. This would
mean that the cohesive forces, defined by crystal lattice energy, are similar in
all the compounds studied. To explain this phenomenon, it should be
remembered that the major contribution to the lattice energy of ionic
substances is from electrostatic interactions between the charged centres
[75,76]. In alkanaminium iodides the centre of the negative charge is located
on the iodine atom. It is not known a priori where the positive charge centre
is located. If it is close to the nitrogen atom, then the N-I distance would
predominantly influence the energy of the electrostatic interactions and,
thus, the crystal lattice energy. From the crystallographic data for hydrio-
dides of N,N-dimethylmethanamine and N, N-diethylethanamine, the
=N-H - - - I distance only varies from 0.346 to 0.360 nm, respectively [6,77].
Therefore one could expect similar U values for both the latter compounds.
The qualitative agreement with this prediction can be seen in the data of
Table 4. This simple explanation could be substantiated by calculating the
electrostatic part of the crystal lattice energy from the known crystal
structures of iodide salts of nitrogen organic bases. We are currently
working on this problem.
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