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The vaporization of perhydrotriphenylene and its inclusion compounds with higher even-
numbered n-alcohols from Cg to C;¢ has been studied using thermogravimetric analysis. For
the inclusion compounds of perhydrotriphenylene with the Cg, C1o and C;5 n-alcohols,
kinetic analysis shows that the vaporization processes of the n-alcohoi and the perhydrotri-
phenylene are partially superimposed, while for the inclusion compound perhydrotri-
phenylene-hexadecanol-1, the above processes are totally superimposed. From the experi-
mental kinetic parameters the values of the preexponential factors corresponding to the
vaporization of the n-alcohols and perhydrotriphenylene were calculated, as were the com-
positions of the inclusion compounds of perhydrotriphenylene with the Cg—C 4 n-alcohols.

The anti-trans-anti-trans-anti-trans equatorial isomer of perhydrotriphenylene
{PHTP), /, and /,, forms stable channel-like inclusion compounds with hydrocarbons,
alcohols, esters, monocarboxylic acids, macromolecules, etc. [1—4]. Within the chan-
nels which penetrate the structures of the PHTP inclusion compounds, long-chain
guest molecules are isolated from one another longitudinally by the channel walls, but
end-group interactions between successive chains are permitted, affording a means
of comparing these interactions in different homologous series through their contribu-
tion to the thermal stability of the inclusion compound.

The thermal decompositions of the inclusion compounds PHTP — higher even-
numbered n-alcohols from Cg to Cqg, studied by differential thermal analysis [5],
revealed that their stabilities become higher as the chain tength of the included alcohol
increases.

This paper deals with a study of the thermal vaporization processes of PHTP and
its inclusion compounds with even-numbered aliphatic alcohols from Cg and C4g,
using thermogravimetric analysis.

Experimental
The inclusion compounds PHTP — n-alcohols were prepared by mixing saturated
solutions of PHTP and n-alcohols, Cg—C1g, in methyl ethyl ketone, at 60—70°, fol-

lowed by slow-cooling crystallization at room temperature as previously described [5].
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Inclusion compound formation was proved by I.R. spectrometry, X-ray diffraction
and thermal analysis.

The samples were analyzed on a Paulik—Paulik—Erdey derivatograph, in air, using
50 mg substance, at a heating rate of 12 degree/min.

Results and discussion

The DTA curves of PHTP and the investigated inclusion compounds PHTP — n-al-
cohols clearly demonstrate that the loss in weight begins after their melting.

a) PTHP

The loss in weight begins at 122° (Fig. 1}). The curves indicate the existence of two
processes, | and [l. The former process, representing about 95% of the total loss in
weight, ends at about 360°, and the latter process begins at approximately 360° and
ends at 550°. Kinetic analysis also indicates that the former process consists princi-
pally in vaporization without decomposition of PHTP. Only in the final part of this
process does the high temperature make possible the occurrence of a thermal decom-
position process: decomposition of a residue stable up to 550°.
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Fig. 1 Thermoanalytica! curves of the inclusion compound PHTP —dodecanol-1. The dotted line
represents the separation by calculus of the PHTP vaporization process

b) Inclusion compounds PHTP — n-alcohols

In this case too the loss in weight begins at 122° and the thermal curves indicate
the same processes as above. A final process controlled by the thermal decomposition
of PHTP was identified at high temperature, similarly as for pure PHTP decom-
position.

J. Thermal Anal. 26, 1983



AGHERGHINEI: THERMOGRAVIMETRIC ANALYSIS 3

¢) Kinetic analysis

Kinetic analysis of the above vaporization processes was carried out by using several
methods, e.g. those of Coats and Redfern, Freeman and Carrol [6] and Reich et a/. [7].
Al these methods indicated a zero-order reaction for almost the entire process, which
confirms our hypothesis that a vaporization process takes place.

The ploots In (DTG) vs. 1/T allow determination of the values of Z and £ in the
Arrhenius equation. In the case of PHTP (Fir 2), the graph indicates the existence of
certain unique parameters Z and E£. For the i. =lusion compounds PHTP — n-alcohols,
Cg—C1y2, the graphs consist of two straight line segments, the one at low temperatures
being attributed to n-alcohol vaporization and that high temperatures to PHTP vapor-
ization. As an example, in Fig. 3 In (DTG) is plotted vs. 1/T for the inclusion
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Fig. 2 In {(DTG) vs. 1/T for PHTP
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Fig. 3 In (DTG) vs. 1/T for the inclusion compound PHTP — dodecanol-1
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Table 1 Kinetic parameters of components in inclusion compounds

n-Alcohol PHTP *
Inclusion compound

Z, min~1-10-5 E,kImol—1 2Z min—t!.10-5 E, kimol™1!

PHTP - octanol-1 0.26 45.6 3.8 66.9
PHTP — decanoi-1 0.23 36.0 3.8 66.9
PHTP — dodecanol-1 0.59 49.3 3.0 65.7
PHTP — hexadecanol-1 Z=4.6+105 min—1; E =67.7 kd mol—!

*PHTP in pure state: Z=4.98 «+ 105 min—1; £=69.0 kJ mol— !,

compound PHTP — dodecanol-1. In such a representation the inclusion compound
PHTP — hexadecanol-1 exhibits only a straight line. This behaviour demonstrates the
tendency of the two vaporization processes to be more and more superimposed as the
chain length of the guest molecule increases.

The above graphs allowed determination of the experimental kinetic parameters
E and Zgyp, corresponding to the two processes. From these values, a theoretical
separation of the two processes was attempted. The aims of this attempt were to
determine the preexponential factors Z (min—1) with kinetic meaning, and to test
the possibility of thermogravimetric determination of the compositions of the in-
clusion compounds.

To present the technique of their separation by calculus, it is necessary to employ
the corresponding kinetic equations. In our case, we write

L _ 7. e-ErAT, (1

dt
Taking into account that

w
=1——
C Wo
where W is the weight at instant ¢, ad Wg is the total weight associated with the
respective process, Eq. (1) can be written

daw

= Zexp. * e—‘E/RT (2)

where Zegyp =2 * Wp.
Integrating Eq. (2) for constant heating rate, 8 = d7/dt, we obtain

_ Zexp. E

Wo — W=—=F—plx) (3)

where x = E/RT and pi{x} = f-—- du.
x u?
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The function p(x) defined as above is called the “temperature integral” in the
literature [8].

By means of Eq. (3) the Wy associated with PHTP vaporization was determined for
the inclusion compounds PHTP with octan-1, decanol-1 and dodecanol-1, W being
selected from the region where superimposition does not take place.

Oy

Separation in the case of the inclusion compound PHTP — dodecanol-1 is repre-
sented in Fig. 1. The Wp corresponding to the vaporization process of the n-alcohol
is obtained by difference. By using the values found as above, the preexponential
factors and compositions of the respective inclusion compounds found by this method
are in good agreement with those found by elemental chemical analysis {Table 2).

According to the kinetic theory [9], the vaporization enthalpies of alcohols, AH,,
can be calculated by using the equation

AH,=E + = (4)
where E is the experimental activation energy, kJ mol—1. Thus, for octanol-1, at the
mean temperature of our experiment, T, = 150°, and E = 45.6 kd mol—1, using
Eq. (4) we get AH, = 51.0 kd mol—1. This value is in good agreement with that found
by using the following empirical equation [10]

AH,=10+2.2n—(25+1.88n)RT (5)
where n is the number of chain carbon atoms in the alcohol and R is the universal
gas constant in kcal. K—1 mol—1.

For comparison, a mean temperature must always be adopted. Thus, if n =16,
and T, = 200°, Eq. (5) gives AH, = 61.1 kd mol—1.

Table 2 Compositions of inclusion compounds PHTP — n-alcohols

Elemental analysis Weight ratio
Inclusion compound % o 0% Weight ratio PHTI:)/n-_?Igohol,
. ’ § PHTP/n-alcohol Y
PHTP — octanol-1 86.72 12.21 1.07 10.42 9.89
PHTP — decanol-1 86.87 12.24 0.89 10.26 11.11
PHTP — dodecanol-1 86.96 1227 0.77 10.15 11.03

PHTP — hexadecanol-1  87.13 12.28 0.59 10.18 -
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Conclusions

Our results may be summarized as follows:

1. The TG curves of PHTP and the inclusion compounds PHTP — n-alcohols in-
dicate principally vaporization processes up to 360°; above this temperature another
process occurs, the decomposition of a residue stable up to 550°.

2. Kinetic analysis of the data shows that the vaporization process of n- alcohol and
PHTP are partially superimposed for all the studied inclusion compounds except
PHTP — n-hexadecanol-2, for which the vaporization processes are totally super-
imposed.

3. From the experimental kinetic parameters, the values of the preexponential
factors corresponding to vaporization of the n-alcohols and PHTP, as well as the
compositions of the inclusion compounds of PHTP with the n-alcohols, Cg—C12, have
been calculated. The compositions determined thermogravimetrically, by theoretical
separation of the two processes, agree satisfactorily with the values obtained by
chemical analysis.
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Zusammenfang — Die Verdampfung von Perhydrotriphenyien und dessen Einschlussverbindungen
mit hdheren geradzahligen n-Alkoholen von Cg bis C 15 wurde thermogravimetrisch untersucht. Die
kinetische Analyse ergab, dass sich die Verdampfungsprozesse des n-Alkohols und Perhydrotri-
phenylens bei Einschlussverbindungen von Perhydrotriphenylen mit n-Aikoholen von Cg bis Cyo
teilweise, bei der Einschlussverbindung Perhydrotriphenyien-Hexadecanol-1 dagegen vollstandig
iberlagern. Aus den experimentellen kinetischen Parametern wurden sowohi die sich auf die Ver-
dampfung der n-Alkohole und des Perhydrotriphenylens beziehenden praexponentiellen Faktoren
als auch die Zusammensetzungen der Einschlussverbindungen von Perhydrotriphenylen mit den
n-Alkoholen von Cg bis C; berechnet.

Pesiome — Mcnonbayn TepmOrpasuMeTPUYECKUiA aHanua 6b1n0 MayYeHo ucnapeHue nepruapoTpu-
cdeHUneHa ¥ ero KnarpaTHbiX COEANMHEHMIA C HOPManbHLIMW CAUPTAMU C YETHLIM YUCNOM YrNepoa-
Hbix atomoe OT Cg a0 Cig. [nA KNaTpaToB NepruApoOTPUMEHUNIEHA C H-CMIMPTAMK C YUCIIOM
yrnepopHeix atomos Cg, Cjo u Cyy KMHETUHECKWA aHaNW3 NOKAa3as, 4To MPOLECcChl ucnapeHud
H-CUPTa ¥ RepruapoTputheHuneda YacTUUHO NEePeKpbiBalOTCA, B TO BpemA KaK ANA KAatparta
neprugporpudeHuned — rexcagekaHon-1 — npouecchl NONHOCTLIO MepexpbisaloTer. Ha ocHose
IKCNEPUMEHTANbHBIX KUHETUYECKUX NapameTpos 6binv BLIYNCNEHbI 3HAYEHWMA MPEAIKCMOHEeH-
uManbHbiX (GaKTOPOB NPOLECCa UCTapeHUA H-CNMPTOB W NepruapoTprdeHnneda, a Tak)Ke cocTas
KNaTpaTHbiX coeauHeHun nepruapoTpudernneda ¢ Cg—C 5 H-cnMpTamu,



