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ABSTRACT 

A stainless steel ampul has been designed which greatly facilitates batch solution calori- 
metric analyses. The device has been validated by measurement of the enthalpy of solution of 
potassium chloride in water at 298.15 K. Ampul-to-ampul reproducibility of measurements 
has been demonstrated by determination of the enthalpy of solution of two polymorphic 
forms of chloramphenicol palmitate dissolving in 95% ethanol. 

INTRODUCTION 

Solution calorimetry is an important experimental tool in the investiga- 
tion of many processes which involve enthalpy changes. Operating in the 
batch mode, isoperibol calorimeters have been used for the measurement of 
heat effects associated with complexation reactions [1,2], the measurement 
of enthalpies and heat capacities of transfer of solutes from one solvent to 
another [3,4], the calorimetric determination of the hydrogen bond enthalpy 
of some alcohols [5], the determination of the enthalpy of solvate formation 
[6], the determination of heats of immersion [7], the determination of degree 
of crystallinity [8], the evaluation of heats of solution of polymorphs [9-111, 
and the quantitation of binary mixtures of polymorphs and of solvated and 
non-solvated forms [ 111. 

In batch solution calorimetry, mixing of two reactants is accomplished by 
breaking a bulb and allowing the reactants to mix, by displacing a seal 
separating the two reactants in the calorimeter reaction vessel, or by rotating 
the reaction vessel and allowing the reactants to mix [12]. Although batch 
solution calorimetry simplifies data analysis, there are design problems in 
arranging for the mixing of reactants. The glass ampuls currently used in 
conjunction with ampul crushing devices suffer from a number of shortcom- 
ings. They are typically spherical glass bulbs which are filled through narrow 
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glass stems. The bulbs are fragile, and it is difficult to completely transfer 
powdered sample into them without having some sample adhere to the stem. 
Larger crystals must be crushed prior to insertion into the ampul, and it has 
been observed that some samples undergo polymorphic transformation on 
grinding. The stems must be removed by flame sealing the ampul, which can 
cause problems with samples which are heat sensitive, e.g. compounds which 
are susceptible to polymorphic transformation, or to loss of solvent of 
crystallization. Furthermore, when the ampuls are crushed to liberate their 
contents, curved shards of glass are sometimes produced which entrap air 
and solid sample, preventing complete dissolution of the sample. These 
shards can also alter the stirring characteristics of the system. 

The challenge of designing a capsule which is simple to construct, easy to 
use, has a negligible heat of opening, and does not appreciably change the 
stirring power has caused practitioners of calorimetry to seek alternative 
techniques for mixing the reactant components [12]. However, the devices 
which have been proposed are often complicated and costly to produce. 

We have developed a reusable stainless steel ampul which can be em- 
ployed with isoperibol calorimeters, including the Tronac Model 450 isoperi- 
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Fig. 1. Components of a stainless steel ampul for batch solution calorimetry. 
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bol calorimeter and its automatic batch ampul adapter. The ampul (Fig. 1) 
consists of three parts fabricated from Type 316 stainless steel: the upper 
and lower threaded retaining caps (14 mm diameter X 6 mm height) and a 
threaded inner cylinder (12 mm diameter x 7 mm height). The retaining 
caps have an aperture 11 mm in diameter. It is through these apertures that 
the spring loaded plunger of the ampul crushing device passes. 

To seal the ampul, a microscope cover slip (12 mm diameter) is fitted into 
each of the retaining caps, and is held in place by an O-ring (12 mm). Rings 
are fabricated from a variety of materials which can be selected to be 
resistant to the solvent employed. In these experiments the O-rings (Kontes 
758292) used were composed of an ethylene-propylene elastomer. Samples 
can be weighed directly into the tared cup formed from the lower threaded 
retaining cap, glass cover slip, O-ring and threaded inner cylinder. Then the 
upper threaded retaining cap (with coverslip and O-ring) is screwed into 
position. The ampul is placed in the automatic batch ampul adapter, and 
when the device is activated, the plunger passes through the upper and lower 
glass coverslips, liberating the contents of the ampul to solvent. The glass 
shards which are produced are flat, and there is little change in the stirring 
power. 

To evaluate the performance of the ampuls, three experiments were 
devised: (1) estimation of the “enthalpy of ampul breaking” in water; (2) 
determination of the enthalpy of solution of a reference compound, potas- 
sium chloride in water; and (3) evaluation of the reproducibility from one 
ampul to the next of the results obtained from two ampuls constructed 
according to the same specifications, by determination of the enthalpy of 
solution of chloramphenicol palmitate in 95% ethanol. 

EXPERIMENTAL 

Enthalpy of ampul breaking in water 

To obtain a precise measure of the enthalpy of solution of a compound, it 
is necessary to correct for the extraneous heat effects which accompany 
ampul breaking. Samples of NBS Reference Standard potassium chloride 
(SRM 1655) previously dried for 4 h at 800 K, and weighing between 13.69 
and 26.77 mg (Sartorius Model 1712 MP balance) were used for this 
determination. Sample weights were corrected to vacuum by use of a 
buoyancy factor, 1.000455 [13]. The calorimeter used for all measurements 
was the Tronac Model 450 isoperibol calorimeter. 

The steel ampul containing the sample was sealed and placed in the 
ampul crushing/stirring device. A Dewar flask containing 50.00 g of glass- 
distilled water served as the reaction vessel. The bath temperature was 
25.000°C, checked against an NBS certified thermometer. The temperature 
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of the bath was monitored throughout the runs by use of a Hart Microtherm 
Model 1006 digital thermometer, and was found to remain constant at a 
nominal reading of 25.0000 &- 0.0004” C. The stirrer was operated at 900 
rpm. An operational heat capacity calibration, to determine the energy 
equivalent of the system, was performed when the reaction vessel tempera- 
ture reached a predetermined value near the set point of 25°C. After 
preliminary baseline collection, the sample run was initiated, and following 
total dissolution of the sample and resumption of the baseline, a final heat 
capacity calibration was performed. The average value of the heat capacity 
before and after ampul breaking was employed in the calculation of the heat 
effect associated with dissolution of the sample. The calorimeter was inter- 
faced with an Apple II+ computer through an ADALAB analog-digital 
converter and accompanying signal amplifier. Details of the method of data 
collection and analysis have been reported elsewhere [11,14]. 

Enthalpy of solution of potassium chloride in water 

Performance of the Tronac Model 450 isoperibol calorimeter and the 
software for acquisition and reduction of the results was tested at 298.15 K 
by determination of the enthalpy of solution of NBS certified potassium 
chloride (SRM 1655). Samples of the Standard Reference Material, calcu- 
lated to yield a solution with molality m = 0.111 mol kg-‘, previously dried 
for 4 h at 800 K, were weighed on a Sartorius Model 1712 MP balance. 
Experimental procedures were as described in the previous section. 

Demonstration of ampul-to-ampul reproducibility 

For convenience in experimental work, it was important to demonstrate 
that the ampuls could be fabricated reproducibly, and that there was 
essentially no difference in results obtained from one ampul to the next. The 
enthalpy of solution for the dissolution of chloramphenicol palmitate poly- 
morphs in ethanol (45.00 g) was evaluated for samples of mass ranging from 
3.655 to 30.95 mg. Two ampuls were used for these determinations, and a 
record was kept of which ampul was used for each determination. Form A 
chloramphenicol palmitate and authentic U.S.P. Reference Standard sam- 
ples of Form A and Form B chloramphenicol palmitate were generously 
provided by Warner-Lambert Pharmaceutical Company. Additional Form B 
was prepared by a previously reported method [15]. A Cahn Model 2100 
electrobalance was employed for the weighings. Calorimetric analyses were 
performed as described for the potassium chloride experiments. 

Identification of the polymorphic forms was performed by use of Fourier 
transform infrared spectrophotometry (FTIR), differential scanning calorim- 
etry (DSC), and powder diffraction analysis. FTIR spectra were obtained as 
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Nujol mulls between sodium chloride plates using 0.025 mm lead spacers. 
The instrument used for these analyses was a Nicolet Model SDXB, operat- 
ing at 2 cm-’ resolution. DSC thermograms were obtained on the 
Perkin-Elmer DSC-2 instrument interfaced with a Model 3600 Thermal 
Analysis Data Station. Analyses were performed under nitrogen purge at 
1.25 deg ruin-’ on samples contained in crimped aluminum pans. The 

temperature and energy axes were calibrated using ultrapure (Alfa M6N) 
indium. Powder patterns were obtained using a Philips APD Model 3500 
automated diffractometer, with monochromatized Cu K, (A = 1.5418 A) 
radiation. The diffractometer is equipped with a 28 compensating slit and a 
graphite monochromator. It was calibrated to within 2” (28) using the 
quartz peak at 26.66 O. Patterns were scanned from 2 to 62 o (20) at a 
scanning speed of 2.4” (20) min-‘. The minimum peak/background ratio 
was 2.5; the count mode fixed time was 0.5. 

RESULTS AND DISCUSSION 

Enthalpy of ampul breaking in water 

When the ampul used in solution calorimetric measurements is broken, 
there is a small but reproducible heat effect which arises from the mechani- 
cal energy associated with breaking of the two glass coverslips, the enthalpy 
of wetting of the inside surface of the ampul and of the O-rings, and the 
change in the level of solvent in the reaction vessel as liquid displaces air in 
the ampul. Since this effect is small, it can best be approximated by 
performing a series of determinations on small samples of solute, with 
subsequent extrapolation of the plot of heat absorbed or evolved vs. sample 
mass. The intercept of such a plot represents the apparent “enthalpy of 
ampul breaking”. In the case of the potassium chloride samples dissolving in 

TABLE 1 

Data used to determine enthalpy of ampul breaking. Enthalpy of solution, KCI in water at 
273.15 K 

Sample mass Enthalpy 

(mg) (J) 

13.70 3.1695 

14.56 3.3703 

17.12 3.9674 

19.42 4.4990 

21.45 4.9929 

23.29 5.4274 

26.78 6.2295 
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distilled water, the apparent “enthalpy of ampul breaking” was 
from the intercept of the linear plot of the data shown in Table 1. 

Linear regression ( r2 = 0.99998) of these data yields a slope of 

obtained 

234.56 f 
0.68 J gg’ (n = 7) which corresponds to 17,487 f 51 J mol-‘. This provides 
an estimate of the enthalpy of solution of KC1 at infinite dilution (m = 3.67 
to 7.18 x lop3 mol kg-‘). The value reported by Sanahuja and Cesari [16] 
for AH, 17,206 f 92 J mol-‘, was obtained by extrapolation from higher 
concentrations (m = 6 x low2 mol kg-‘). The intercept of the plot, - 0.046 
f 0.014 J, represents the apparent “enthalpy of ampul breaking” in water. 
Thus, the heat effect of ampul breaking is small and slightly exothermic. 

Enthalpy of solution of potassium chloride in water 

Data obtained in five analyses are shown in Table 2. The mean enthalpy 
of solution obtained for KC1 in water at 298.15 K (m = 0.111 mol kg-‘) was 
235.23 f 0.71 J g-i (n = 5). This result is within 0.25% of the value reported 
in the National Bureau of Standards Certificate [13], 235.86 + 0.23 J g-‘. 

Enthalpy of solution of chloramphenicol palmitate in 95% ethanol 

Chloramphenicol palmitate is an antibiotic whose polymorphic forms 
exhibit significantly different bioavailabilities. Because of this, the United 
States Pharmacopeia [17] requires that the suspension dosage form contain 
not more than 10% of polymorph A. Infrared spectroscopic data for Forms 
A and B used in this study are comparable to those obtained by Kaneniwa 
and Otsuka [18]. These data are shown in Table 3, as are results of DSC 
analyses performed on six samples of chloramphenicol palmitate Form A 
and Form B. These results are in good agreement with data reported by 
Borka [19] and by Kaneniwa and Otsuka [18]. 

Qualitatively, the powder patterns obtained correspond to those previ- 
ously reported by Aguiar et al. [20], by Suzuki et al. [21], and by Kaliszan 
[22]. The lattice spacings (d, A) and relative intensities (% 1/11) of the three 

TABLE 2 

Enthalpy of solution, KCl, 0.111 mol kg-’ in water at 273.15 K 

Sample mass Heat effect Corrected heat Enthalpy of solution 

(g) (J) (J) (J 8-l) 

0.41395 97.300 97.346 235.16 

0.41394 97.830 97.875 236.45 

0.41392 97.056 97.102 236.59 

0.41397 97.355 97.401 235.38 

0.41398 97.191 97.237 234.88 
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TABLE 3 

Infrared and DSC data, chloramphenicol palmitate polymorph A and B 

Infrared data 

Form A Amide NH stretch 

Data of Kaneniwa 
and Otsuka [18] 

3410 cm-’ 

This work 

3407 cm-’ 

Form B 

OH stretch 
Ester C=O stretch 
Amido C=O stretch 

NO, asymmetric stretch 

Amide NH stretch 
OH stretch 
Ester C=O stretch 
Amido C=O stretch 

NO, asymmetric stretch 

3270 3263 
1737 1741 
1668 1671 
1628 sh 1634 sh 
1603 1606 
1594 1597 

3325 3316 
3490 3479 
1727 1734 
1700 1705 
1675 1680 
1605 1608 
1594 1601 

DSC data Data of Borka 

P91 
Data of Kaneniwa 
and Otsuka [18] d 

This work h 

Form A Peak onset (K) 363.5 364.38 kO.17 
Peak maximum (K) 366.32 +0.19 

Heat of fusion 64.0 65.7 f 2.2 64.27 & 0.53 
(kJ mol-‘) 

Form B Peak onset (K) 359.9 361.25 f 0.04 

Peak maximum (K) 362.10 f 0.06 

Heat of fusion 43.5 46.36 0.88 f 45.53 kO.13 
(kJ mol-‘) 

= ,, = 3: b ,,-= 6 

most intense lines in the powder patterns of Form A were 26.35, 100; 8.77, 
37; and 4.38, 20. For Form B, the corresponding values were 4.49, 100; 3.98, 
98; and 3.92, 68. 

The enthalpy of solution of chloramphenicol palmitate Form A, de- 
termined in 95% ethanol at 298.15 K (WI = 1.45 to 12.2 x 10e4 mol kg-‘) 
was 63.24 + 0.32 kJ mol-’ (n = 16), and for Form B, the value was 55.69 f 
0.35 kJ mol-’ (n = 16). These values were obtained from the slopes of plots 
of heat absorbed vs. sample mass shown in Fig. 2. Correlation coefficients 
for these plots were 0.9996 (Form A) and 0.9994 (Form B). The upper plot 
(broken line, open symbols) was obtained using Form A. The lower plot 
(continuous line, closed symbols) was obtained using Form B. 

The intercepts of the plot correspond to the apparent “enthalpy of ampul 
breaking” in ethanol. Data for the enthalpy of ampul breaking for the 
individual ampuls, and the combined data are collected in Table 4. 
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Fig. 2. Data obtained from 2 ampuls (ampul No. 1, squares; No. 2, triangles). Data for 
enthalphy of solution of chloramphenicol palmitate polymorph A [63.24* 0.32 kJ mol-’ 
(broken line, open symbols)] and polymorph B [55.69 + 0.35 kJ mol- ’ (continuous line, closed 
symbols)]. 

The data for chloramphenicol palmitate were also used to evaluate the 
reproducibility of the results obtained with different ampuls. This evaluation 
was accomplished using multiple regression techniques [23,24] in conjunc- 
tion with Student’s t-distribution. When the same polymorph (either A or B) 
was analyzed, and the ampul was varied, two-sided hypothesis tests at the 
95% confidence level indicated that both the slopes and intercepts of each 
pair of regression lines were statistically indistinguishable. In three out of 
four comparisons the null hypothesis of no difference could not be dis- 
proved at the 50% confidence level (the lowest tabled value listed), while in 
the remaining comparison it could not be disproved at the 80% confidence 
level. On this basis, the results from both ampuls were combined for each 
polymorph, and the resulting regression lines for the two polymorphs were 
compared. The two slopes were statistically different at the 99.9% confidence 
level, while the two intercepts were statistically indistinguishable even at the 
50% confidence level. 

The y-intercepts of all regression lines were found to be statistically 
different from zero at confidence levels of 99% or greater. The enthalpy of 

TABLE 4 

Enthalpy of ampul breaking, chloramphenicol palmitate in 95% ethanol at 298.15 K 

Ampul No. 1 
Ampul No. 2 
Both ampuls 

Form A Form B 

0.052110.013 J (n = 8) 0.0528 + 0.014 J (n = 8) 
0.0540 _t 0.009 J (n = 8) 0.0561& 0.009 J (n = 8) 
0.0538 + 0.008 J (n = 16) 0.0546 _t 0.009 J (n = 16) 
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ampul breaking in ethanol, as determined from these y-intercepts, is positive 
but small in comparison to the enthalpy of solution of chloramphenicol 
palmitate. 

A number of evaluations of the heat of solution of chloramphenicol 
palmitate have appeared in the literature. In these published reports the 
enthalpy of solution has been estimated from van? Hoff plots, plots of the 
logarithm of solubility or the logarithm of dissolution rate vs. the reciprocal 
of the temperature. The assumption is made that such plots are linear; 
however it is found in many instances that there is pronounced curvature in 
van? Hoff plots. This is particularly true if solubility studies are performed 
over a wide temperature range. Aguiar and Zelmer [25] estimated the 
enthalpy of solution of Form A (in 35% t-butanol-water mixtures) to be 
21.8 kcal mol-‘, and that of Form B, to be 15.4 kcal mol-‘. From solubility 
measurements in water, Muramatsu et al. [15] obtained estimates of the 
enthalpy of solution for Forms A and B of 20.0 and 13.7 kcal mol-‘, 
respectively. From dissolution rate determinations at several temperatures, 
performed in 80% aqueous ethanol, Wadke and Reier [26] estimated the 
difference in heats of solution between the two forms to be approximately 
5.31 kcal mol-‘. 

The difference in the enthalpies of solution of the two forms obtained in 
this study was smaller. Apart from the dangers associated with the assump- 
tion of linearity in van’t Hoff plots, it is possible that other factors might 
contribute to the smaller difference in enthalpies observed in solution 
calorimetric determinations. It is known that there are differences in the 
surface characteristics of polymorphs A and B of chloramphenicol palmi- 
tate. For example, there is evidence that crystalline particles of polymorph A 
exhibit higher zeta-potential values when compared with polymorph B [22]. 
Such differences in surface properties might be reflected in differences in the 
enthalpy of wetting. Enthalpy of wetting differences would not be expected 
to influence the enthalpy of solution determined by the van? Hoff method. 
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