OCTOBER 1981
VOLUME 70 NUMBER 10

JOURNAL OF
PHARMACEUTICAL
SCIENCES ©&

RESEARCH ARTICLES

Solid-State Decomposition of Alkoxyfuroic Acids

J. T. CARSTENSEN ** and ROHIT KOTHARI #

Received November 10, 1980, from the *School of Pharmacy, University of Wisconsin, Madison, WI 53706, and }Ryker Laboratories, St. Paul,

MN 55100. Accepted for publication March 6, 1981.

Abstract O A series of alkoxyfuroic acids with alkyl lengths of n = 8-18
was synthesized, and the solid-state decomposition was studied. Bawn
kinetics were adhered to, and the solid and liquid decomposition rate
constants were established; they followed an Arrhenius relationship well,
with energy of activations and preexponential factors being a function
of the chain length. There was a break in this correlation between n =
14 and n = 16. The liquefaction points were of the expected correlation
with inverse temperature. The isokinetic temperature (7T;) fell fairly well
on the line demonstrated for other compound series.

Keyphrases O Solid-state decomposition—alkoxyfuroic acids with alkyl
chain lengths of n = 8-18 O Alkoxyfuroic acids—Arrhenius relationship,
energy of activation and preexponential factors as a function of chain
length O Bawn kinetics-—solid and liquid decomposition rate constants
of alkoxyfuroic acids

Chemical decomposition of pure solids has been dis-
cussed sporadically in the literature, the principal publi-
cations being those of Prout and Tompkins (1) and Bawn
(2). The reactions are usually dictated to a great extent by
physical (e.g., active site propagation) rather than chemical
steps, resulting in high activation energies (300-400 kJ)
when the reaction is one where:

solid — solid + gas
Scheme I

This reaction (Scheme I) was essentially covered by
Prout and Tompkins, whereas the reaction (Scheme II)
treated by Bawn is:

solid - liquid + gas
Scheme 11

Several reactions of this latter type were reported in the
pharmaceutical literature (3-6). In these reactions
(Scheme II), it was shown that the part occurring in the
solid is not necessarily dictated by active site propagation
and that chemical factors are much more prevalent (5)
than when Scheme I applies. Chemical substituent effects
have, for instance, been demonstrated (3-5).

@—coon + Br, — Br(o J—COOH + HBr
Scheme 11
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The work described in this report deals with chemical
substituent (chain length) effects in a series of alkyloxy-
furoic acids. One of these acids (7) was previously shown
to be a hypolipidemic agent.

EXPERIMENTAL

Synthesis—The compounds studied were 5-alkyloxy-2-furoic acids,
i.e., RCOOH, where R = C,Hz, +1-0-(CH;0)- and where n = 8,10, 12,
14, 16, and 18. The syntheses were carried out by the method described
by Parker et al. (7) with a few modifications. Furoic acid was first
brominated to give 5-bromofuroic acid, using carbon tetrachloride as a
solvent (Scheme IIJ).

A 2-liter round-bottom flask, fitted with a reflux condenser, drying
tube, and magnetic stirrer, was charged with 250 g of furoic acid and 1.2
liters of carbon tetrachloride. The mixture was stirred until all of the
furoic acid was dissolved. The solution was heated to 40°, and then 500
g of bromine was added slowly through a funnel directly fitted to the flask.
The reaction mixture was then refluxed on a water bath for 5 hr. At the
end of the refluxing period, carbon tetrachloride was distilled off.

The product of the reaction was dissolved in boiling water and filtered
hot. Upon cooling, the bromosubstituted acid precipitated. It was further
purified by recrystallization from hot water. To eliminate any dibro-
mofuroic acid that might have formed, the barium salt was prepared as
follows. For each gram of the product, 25 cm3 of water was added and
made strongly alkaline with ammonium hydroxide; 1 g of barium chloride
was added with some activated charcoal. After 15 min, the solution was
filtered. The filtrate was acidified with hydrochloric acid; the 5-bromo-
furoic acid, which precipitated out, was recrystallized from hot water.
The yield was 60%, mp 186°, in agreement with the melting point ob-
tained by Whittaker (8).

The 5-alkyloxy-2-furoic acid was next synthesized from the bromo-
furoic acid in two stages as shown in Schemes IV and V.

A reaction flask was charged with 1 liter of toluene, and ~0.1 liter of
the solvent was distilled off to dry. The toluene remaining was cooled to
40° under nitrogen, and 0.33 mole of r.-alkanol and 0.45 mole of sodium
hydride (as a 50% dispersion in oil) were added. The mixture was refluxed

n-C,H,, ,,0H + NaH m n-C,H,, ,;ONa + H,
Scheme IV

0]
4 COOH ——
\ / toluene,
4, acetic acid

0
C,,HMH-—O——@—COOH + NaBr

Scheme V

n-C,H,, ,,ONa + Br,
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Table [ —Properties of 5-Alkyloxy-2-furoic Acids

Heat of Fusion, AHpra from
AH;, Obtained Thermal
Melting from Kinetic Analysis, q = AH; — AHpra, Density, Crude
ne Point Data, kJ/mole kJ/mole kd/mole g/cm3 ® Yield,%  Recrystallized Yield, %
8 127° 111 29 82 1.28 60 47
10 125° 53 — — 1.23 40 30
12 122° 72 41.2 31 1.13 72 63
14 119° 68 31.6 36 1.13 72 63
16 118° 63 — —¢ 1.11 35 23
18 117° 73 36 37 — 58 50
5-BFA¢ 186° 75 70

@ n = alkyl length. ® Densities done by pycnometry. In the case of n = 18, the material wets very poorly in solvents in which it is poorly soluble and density data are
not available. ¢ Decomposition pertubates thermogram too much in these cases to draw conclusions. ¢ 5-Bromofuroic acid.

for 3 hr and then cooled under nitrogen to 40-45°. A suspension of 0.2
mole of 5-bromofuroic acid in 0.2 liter of dry toluene was added rapidly.
The reaction mixture was held at 60° for ~1 hr to ensure that the balance
of the sodium hydride had reacted to form the sodium salt of the acid.
It was then heated at reflux temperature for 16 hr.

The mixture was cooled to 30°, and 1.2 liters of ether was added, fol-
lowed by 0.3 liter of 15% acetic acid. Stirring was continued for ~30 min.
The organic portion was separated with the help of a separator and then
was washed three times with either distilled water or saturated sodium
chloride solution. The solution was dried with calcium chloride, and then
the drying agent was removed by vacuum filtration. Most of the ether
was stripped off with the help of a flask-evaporator and a hot water bath
held at 45°. The concentrated solution was chilled in a freezer for 12-15
br.

The precipitated solid was filtered off and washed with cold toluene.
The crude product was dissolved in hot 2-butanone or acetone, and then
activated charcoal was added. The mixture was stirred for a few minutes
and filtered while hot. This solution was cooled gradually to 5°, and the
recrystallized product was filtered off after a few hours. Recrystallization
was carried out at least three times to ensure purity. The compounds were
identified with the help of NMR and mass spectra and, where possible,
differential scanning calorimetry. Melting points were determined and
are listed in Table L.

Kinetic Studies—Kinetic studies were carried out by preparing a
sample in vacuo in a sample bulb with an attached mercury manometer
such as was described previously (3, 6). The whole assembly was placed
in a tall thermostatically controlled bath with either water or mineral oil
as the medium; temperature control was £0.2°. The amount of gas
pressure at any time can be deduced from a knowledge of the volume,
mercury height, and density of mercury at the temperature in question
and can then be converted to number of moles of gas produced.

Condensation characteristics and mass spectra of the gas confirmed
it to be carbon dioxide. Since, in the manner described, the decomposition
takes place in a system that is evacuated but that contains mercury vapor
in the headspace, several control studies were done in break-seal tubes
(3) to ascertain that the mercury vapor did not affect reaction rates.

Vapor Pressure Studies—Since the possibility exists that the de-
composition of a solid at constant volume occurs in the vapor phase, the
vapor pressure of the various solids was determined. The Knudsen
effusion method was used (9-12). In this method, the rate of vapor loss
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Figure 1—Decomposition of octyloxy furanoic acid at various tem-
peratures. Key: @, 85°; ©, 90°, 0, 95°; and O, 100°.
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through a small orifice is measured gravimetrically under conditions of
free molecular flow; the vapor pressure is calculated directly from the
proportionality between the rate of mass loss and the vapor pressure.

The Knudsen cells used were aluminum crucibles with a lid placed on
the top in conjunction with an “O” ring. A small orifice (0.5-mm diameter)
was drilled in the lid. The mean value of the orifice diameter was deter-
mined microscopically. The fidelity of the method was checked by de-
termining vapor pressures of a compound (benzoic acid) with well-es-
tablished vapor pressure values (13). The cells were placed on the pan
of an electrobalance in a vacuum chamber such as was described previ-
ously (14).

To.determine the decomposition rate constant in the vapor phase, a
2-liter bulb was equipped with a break-seal tube. The amount of alk-
oxyfuroic acid necessary to (just) saturate the bulb at 95° was calculated
from the vapor pressure versus temperature curve, This amount was then
added to the bulb as a methanol solution. The solvent was then evapo-
rated off (on the vacuum rack) at room temperature, and the nonbreak-
seal end was fused off. The bulb was placed at 95°, and the amount of
carbon dioxide evolved after 1 week was determined, in this case by means
of a Mcl.eod gauge with a 1:10,000 ratio of compression capacity.

RESULTS AND DISCUSSION

The general pattern is that the solid decomposes by some means and
that a liquid decomposition product is formed. There are three main
feasible models that could account for this reaction.

In Model A, the solid (RCOOH) evaporates and decomposes in the
vapor phase to RH and COg, and RH condenses. Decomposition in the
solid state is negligible.

In Model B, the solid (RCOOH) decomposes in the solid state and, in
addition to carbon dioxide, forms liquid RH in which RCOOH is insol-
uble. [Prout-Tompkins kinetics (1)].

In Model C, the solid (RCOOH) decomposes in the solid state and, in
addition to carbon dioxide, forms liquid RH in which RCOOH is soluble
[Bawn kinetics (2)].

—4
O
—5f-
n=10
—6 b=
E n=8
Z -
Q
£
8|
n=14
— O
n=18
| 1 |
2.8 2.9 3.0 3.1

1000/T, °K™!

Figure 2— Vapor pressures as a function of temperature. Only four of
the alkoxyfuroic acids are plotted to avoid crowding. Key: O,n=38; A,
n=10;Vv,n=14,and O, n = 18.



Table II—Mole Fraction (X, ) at Complete Liquefaction

Temperature n?
(T) 8 10 12 14 16 18

127° 0 0
125° 0
119° 0
118° 0
117° 0
100° 0.60 0.59 0.56 0.48 0.65 0.70

95° 0.73 0.68 0.65 0.62 0.72 0.74

90° 0.84 0.75 0.76 0.76 0.80 0.80

85° 0.91 0.80 0.83 0.78 0.90 0.89
Eq. 8, Nb 4 4 4 4 3b 4
Correlation coefficient -0.997 -0.999 -0.997 -0.990 —0.994 —-0.957
Slope —13,355 —6360 8655 -8117 —7580 —8824
Intercept 34.9 16.1 224 21.1 19.3 22.5
AHj, k 111 53 72 68 63 73
Ty, °K 383 394 386 385 393 391
To, °C 110 121 113 112 120 118

a n = alkyl length. ® Number of points used. In the case of n = 18, only the first 3 points were used since the point at 85° appears to be a (slight) outlier.

There is also the possibility of Model B or C in combination with Model

.For Model A, Scheme VI applies:

RCOOH(solid) — RCOOH(vapor) —~ RH + CO,
Scheme VI

If A denotes the amount of intact RCOOH, then by denoting its vapor
pressure as P:

dA/dt = -k'P (Eq. 1)

Since P is simply a function of temperature, the reaction, carried out
isothermally, would be zero order, with a rate constant of:

ko=k’P (Eq. 2a)
A typical decomposition curve is shown in Fig. 1. It is obvious from visual
inspection that the decomposition is not zero order. Furthermore, the
decomposition rate constants in the gas phase were found in the worst
case (n = 8) to be of the order of 3 X 1073 hr~! at 95°. Vapor pressure
curves are shown in Fig. 2. For n = 8, the pressure at 95° was 89 X 1073
Pa (~9 X 10-7 atm). The headspace (V) of the bulb/manometer was ~100
cm?, so that (N denoting moles):

dN/dt = (V/RT) dP/dt = (V/IRT)k’'P (Eq. 2b)

which, with the previous figures, amounts to 0.9 X 10~!* mole/hr or (the
molecular weight for n = 8 being 228) 2 X 10~¢ mg/100 hr. Hence, Model
A can be ruled out.

During the decomposition as time progresses, more and more liquid
is present and less and less solid exists. At a particular point, no more solid
is present and the entire sample is liquid. If Model B is correct, then this
point should correspond to 100% decomposition. But this is not the case;
this point occurs, on the average, at 75% decomposition. Hence, the parent

*B

0 1.0
MOLE FRACTION (X} OF RH

Figure 3——Melting-point diagram of RCOOH and RH. If the decom-
position is carried out at Ty, then at a certain time (tg) a decomposition
corresponding to Xp will have occurred. The amounts of solid and liquid
will be determined by the weight arm rule. At a particular point in time
(ts), the last solid will disappear. This point corresponds to point A (Xs,
T\), which is part of the melting-point curve.

7]

S

compound (RCOOH) has a finite solubility, S moles/mole RH, and Model
C seems to be a more feasible model. The mathematical consequences
of the model are as follows (6). If X denotes mole fraction decomposed,
if &, is the decomposition rate constant of RCOOH in the solid state, and
if k; is the decomposition rate constant of RCOOH in solution in RH,
then:

In(1+ AX) = at (Eq. 3)

where A is an adjustable parameter and ¢ is time. The value of A is given
by:

A = a/ks (Eq. 4)

and:

a=kS — kS — ks (Eq. 5)

S can be determined from the time, t;, at which the system becomes
completely liquid. If the amount decomposed at this point is X, then
the amount not decomposed is 1 — X, and, hence, the solubility is

S = (1 — X,)/X; moles/mole (Eq. 6)

Beyond time ¢, the system is a solution and should adhere to first-order
kinetics, i.e.:

In[(1 ~ X)/(1 — X,)] = <k(t — t,) (Eq.7)

For Model C to apply, it is necessary that: (a) the data below time ¢, can
be linearized via Eq. 3; (b) the data above time ¢, can be linearized by
suitable liquid kinetic schemes; and (c¢) the value of k; found from this
latter scheme when inserted in Eq. 5, together with the solubility S = (1
— Xs)/X, and ks from Eq. 4, gives a value of « in agreement with the
value of o from Eq. 3. If the above statements hold, then a double check
of the model is established for its correctness. Of course, a model is never
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Figure 4—X; plotted as a function of 1000/T. Key: O, n = 10;and ©,
n=38
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Table III—Least-Squares Fit Data According to Eq. 3.

ke, 104

n Temperature A C D hr—! R
8 85° 18.904 0.00858 0.00009 4.5 0.994
8 90° 10.973 0.0160 0.00008 14.6 0.992
8 95° 14,021 0.0435 0.00009 31.0 0.991
8 100° 12.579 0.106 0.00008 83.9 0.994
10 85° 20.289 0.00758 0.00002 3.7 0.990
10 90° 22.716 0.0283 0.00007 12.5 0.991
10 95° 18.814 0.0438 0.00008 23.3 0.992
10 100° 23.188 0.150 0.00008 64.5 0.994
12 86° 62.094 0.00915 0.00005 3.5 0.990
12 90° 39.795 0.0402 0.00007 10.1 0.992
12 95° 41.035 0.07842 0.00009 . 19.1 0.993
12 100° 47.860 0.245 0.00007 51.2 0.990
14 85° 22.456 0.00679 0.00007 3.0 0.997
14 90° 72,127 0.05965 0.00006 8.3 0.998
14 95° 123.577 0.1661 0.00007 13.4 0.992
14 100° 175.312 0.556 -0.00010 31.7 0.990
16 85° 30.196 0.00835 0.00004 2.8 0.990
16 90° 48.866 0.0460 0.00009 9.4 0.993
16 95° 42.389 0.0859 -0.00004 20.3 0.992
16 100° 54.795 0.358 0.0000 65.4 0.997
18 85° 24.460 0.00859 0.00007 3.5 0.998
18 90° 71.224 0.0453 0.00009 6.4 0.999
18 95° 51.261 0.0726 0.00009 14.2 0.998
18 100° 77.328 0.476 -0.00008 - 61.6 0.997

@ n = alkyl lengths.

“proven”; it is simply established that the data generated do not conflict
with it. Therefore, it is prudent to check the adherance in as many ways
as possible to guarantee that the model is self-consistent.

It is obvious that the values of {; and X, are important, and some
elaboration on this point will be made prior to testing the remaining
points regarding Model C. If one considers a eutectic diagram (e.g., Fig.
3), then it is obvious that at a given temperature, T';, the point (X,, T'1)
is part of the melting-point curve, provided the two compounds, RCOOH
and RH, form a simple melting-point diagram to the left of the eutectic
point without solid solution formation.

The left eutectic diagrams, constructed from T versus X, data, are
given in Table II. The heat of fusion of RCOOH should be obtainable
from these curves since:

(—AH)(To— Ts)

In(l - X;) = RToT,

= (~AH/R)[(1/T;) = (1/To)] (Eq.8)

where T is the melting point of RCOOH and T is the temperature cor-
responding to the particular X in consideration; R is the gas constant
(8.3143 J mole~! degree~1). Examples of data plotted according to Eq.
8 are shown in Fig. 4. Least-squares fit parameters are shown on the
bottom of Table II. The AHy value is obtained by multiplying the slope
by —8.31, and T is minus the slope divided by the intercept. It should
correspond to the melting point and, except for n = 8, this correlation
is reasonably good.

HOURS
5 10 15 20
1 T I T
2.8
2.4
< 20
X
<
+ 18
c12
08
0.4
A T T VO TR N N WO
60 120 180 240 300
HOURS

Figure 5—Data from Fig. I plotted according to Eq. 3. Key: @,85°; ©,
90°; @, 95°; and O, 100°. Note dual scales.
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The AHj values obtained in this fashion are shown in Table I to enable
comparison with data to be developed later. When differential thermal
analysis (DTA) is applied, a AH value is obtained that is the heat of fusion
for stable compounds. It is derived from the area under the endotherm.
For compounds that decompose below their melting point, however, the
AH value obtained from this area is the difference between the heat ab-
sorbed (AHy) due to melting and the heat evolved (g) due to the reaction,
ie.:

AHpta = AH;~¢q (Eq.9)

Therefore, the enthalpy of reaction (—q) can be deduced, and values of
AHpra and g are listed in Table I. There were cases (n = 10 and n = 16)
where the reaction taking place concurrent with or before melting made
the thermograms so poorly reproducible that they are not reported here.
The values for ¢ should be viewed in this light as well. For n = 8, the
melting point obtained from the kinetic data (Eq. 8) differs from that
obtained by differential thermal analysis by several degrees. However,
the latter is questionable rather than the former. The values of AH; and
q are not germane to the further development; they are included here
simply for completeness and to indicate that ancillary values obtained
in the study did not conflict with the proposed model.

As an example of the fits obtained via Eq. 3, the data shown by direct
plotting in Fig. 1 were transposed via Eq. 3 and are shown in Fig. 5. The
fit is good. Least-squares fit parameters obtained by iteration of Model
A for all of the data are shown in Table III in the form:

In(1+Ax)=Ct+D (Eq. 10)
—5
7 T8F
= \Y
& A
E —7’— v
n=8
~8F n=z12
=14
1 11 t | {1 1 L { [
2.7 2.75 2.8

1000/T, °K ™!

Figure 6—Arrhenius plot of ks (hr~1). For graphical clarity, only n =
8(a),n=12(v),and n = 14 (O) are shown.
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Figure 7—First-order kinetics after the point where complete lique-
faction has occurred. Key: v,n = 10; O, n = 14;and A, n = 16 (all at
100°).

It is noted from the table that the D values are small (<0.0001) at the
same time as R, the correlation coefficient, is high (never <0.99). Hence,
C becomes synonymous with « in Eq. 3, allowing calculation of k, via Eq.
4. The values of k&, obtained in this fashion are shown in Table III

The temperature dependence of the k, values is, according to the
Arrhenius equation:

Ink, = —(Es/R)1/T)+InZ (Eq. 11)

where E,, is the activation energy and Z is a preexponential factor. This
is exemplified in Fig. 6 (linearity is obvious upon visual inspection).
Least-squares fit parameters are shown in Table 1V, and the high cor-
relation coefficients are indicative of the good fits.

As mentioned, the data in Table III {A = a/k, and C = o) in conjunc-
tion with the values from Table I [S = (1 — X,)/X,] will allow calculation
of the decomposition rate in solution, k; hr=1, The parts of the curves
beyond ¢, can be used directly to calculate the first-order decomposition
rate of RCOOH in solution in RH. An example is shown in Fig. 7; the
linearity is graphically obvious, supporting the assumption of first-order
kinetics in solution, i.e., confirming Eq. 7. The reproducibility is fair at
best (£10% for the rate constants). The rate constants obtained in this
fashion are denoted simply k (Table V). The correlation coefficients
confirm the visually observed linearity.

If the proposed model is correct, then k and k; should be identical.
They were plotted in linear fashion (Fig. 8); again, the linearity with a
zero intercept is implied by:

k=Ak+ B, (Eq. 12)
0.76
@)

. O5f O
£
"
3
< O
% 0.26|- o O

g}

0]
O | | 1
o 0.25 0.5 0.75

k FROM KINETICS, hr~!

Figure 8—Solution decomposition rate constants (k) derived from o
as a function of solution decomposition rate constants (k) found ex-
perimentally.

Table IV—Arrhenius Parameters for the Alkoxyfuroic Acids.

ne 1075 E,, J/mole Z

8 2.2 3.69 1027
10 2.0 2.62 1026
12 1.9 5.09 1024
14 1.7 9.9 1020
16 2.3 3.81020
18 2.1 6.78 1026

a p = alkyl length.

Table V—Solution Decomposition Rate Constants (Hour™!) for
the Alkoxyfuranoic Acids (RCOOH) in Solution in RH as a
Function of Reciprpcal Temperature Eq. 11

Corre-

lation

Coeffi-

cient, Intercept Slope
ne R? (InZ) (~E,/R) E,, kd/mole Z

8 0972 22.89 -9,113 76 0.87 X 1010

10 0.984 51.01 ~19,513 162 1.42 X 1022
12 0.969 50.15 -19,083 159 6.02 X 1021
14 0933 55.78 —20,903 174 1.68 X 1024
16 0926 55.66 —21,006 176 1.49 X 1024
18 0911 50.96 -19,239 160 1.35 X 1022

e n = alkyl length.

where A; should be unity and B; should be zero. The least-squares fit
values in Fig. 8 are A; = 0.83 £ 0.22 and B; = 0.17 £ 0.25, so the figure
does not contradict the proposed model. The overall correlation coeffi-
cient is 0.975.

The k; or k values should be treatable by the Arrhenius equation (Fig.
9). The least-squares fit parameters for these relations are shown in Table
V.

Pothisiri and Carstensen {4) suggested that the temperature at which
k; = kg (T;) is related to the melting point (T, ) in log-log fashion. Data
from the present study are pooled with data from Ref. 4, in Fig. 10, and
the correlation seems to hold with the alkoxyfuroic acids as well as pre-
viously reported compounds. Since the furoic acids have melting tem-
peratures close to one another, they have been averaged, as has T; (Fig.
10). With the small number of compounds at present, this is, at best, a
rank-order correlation.

An attempt was made to correlate the kinetic parameters with sub-
stituent properties (chain length) in Fig. 11. Both E, and Z decreased

O
3—
N
= O
%
+
x 2
£
+
<
1—
| l L1 1 ] |
2.68 2.72 2.76 2.80
1000/T

Figure 9—Logarithm of the solution decomposition rate constants of
RCOOH in solution in RH plotted as a function of 1000/T (°K~1). Key:
®, n =28 0, n=10:and O, n = 14. The remainder are left out for
graphical clarity.
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Figure 10—Data from Refs. 3 (v) and 4 (0) plotted together with the
average Ty, and T values (A) from this study. (Average Ty, = 394 £ 4
°K and, average T; = 450 £ 50 °K.)

with increasing chain length up to n = 14, after which there was an up-
ward break in the curve. This discontinuity did not exist in other prop-
erties of the series (vapor pressures, densities, and enthalpies of fusion
and reaction). No explanation is offered for this break at present.

a0
—70
3ok A
o\& 1
& = s - N
o £
20
—50
P S S S

8 10 12 14 16 18
NUMBER OF CARBONS, n

Figure 11—E,/R and In Z from Eq. 11 (Table IV) plotted versus n. The
values for n = 14 are slightly (4% ) lower than previously reported (6)
due to increased precision in this study (multiple runs).
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The effect of particle size was estimated by micronizing a sample (n
= 14). At 85°, this sample had a value of k; = 3.3 X 10~4/hr as opposed
to 3.3 X 10~%/hr for a nonmicronized sample; therefore the effect of
particle size was not pronounced. All samples tested were not milled, i.e.,
were in the recrystallized state, and had surface areas, measured by ni-
trogen adsorption, of ~1 m?/g.

A final note on reproducibility is in order. Data were duplicated with
parameter values obtained from 10 sets that differed by no more than
5%. The effect of the use of a mercury manometer as contrasted to the
use of break-seal tubes was also tested (in five cases) with duplication
within the previously mentioned error.

Therefore, it is fairly conclusive that the alkoxyfuroic acids decompose
as shown in Scheme II, and solid and liquid decomposition rate constants
have been established. The liquefaction characteristics are in accordance
with what would be expected from melting-point diagrams with a rea-
sonable correlation. Energy of activation is a functipn of chain length,
as is the preexponential factor. There is a break in this correlation curve
at n = 14/16. The isokinetic temperature (T;) falls fairly well on the
correlation line established for other compounds.
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