
i7kmm&imica At35 

Efscvicr Publishing Company. Amskrdam 
Rinrcc! in Bdgium 

289 

HEATS OF COMBUSTION AND FORMATiON OF ETHYL ACETATE AND 
ISOPROPYL ACETATE’ 

ThermodPzamics Research Cenrer, Depar fenrent of Chemistry. Lexus A & .if Wnirersiz_v, CoileKp Slotion. 
Texas(U.S. A.) 

AND JOHX D. ROCKE;UFELLER 

United Aircraft Research Laboratories. Eosr Hartford, COWL ( U_ S. A.) 

(Received December 15th. 1969) 

!Ueasurements were made of the heats of combustion of ethyl acetate and 
isopropyl acetate. From these values the heats of formation of ethyl acetate and 
isopropyl acetate were derived as - 115.20 50.95 kcalmole- 1 and - 125.94 +0_89 
kcal.moIe- I, respectively. The heat of hydrolysis for ethyl acetate was found to be 
I.5 kcal.moIe- f and that of isopropyl acetate was 2.6 kcal. mole- ‘.VaIues for the 

et-term of combustion of polyester film and cotton thread used as auxiliary materiaI 
and fuse, respectiveiy, are also given. 

IN-I-RODUCXIOX 

For many years oxygen bomb calorimetry has yielded reliable thermochemical 
data_ Many organic compounds have been investigated with a high degree of precision. 
However, the heats of formation of many of the simple esters have either nev-er been 

measured or the measurements were not performed in a precise manner- Two of 
these are ethyl acetate and isopropyl acetate. From the heats of formation values for 
these two compounds. it is possbile to calculate the heat of combustion of acetic acid 
and isopropyl alcohol and, from other data, predictions can be made of the heats of 
formation of other esters, aIcohoIs, and acids. 

YaIues for the heat of hydroIysis for both the ethyl acetate and isopropyl 
acetate systems were derived and compared with those found in the literature. 

APPARATUS AXD EXPERI_MEFZTM_ PROCEDURE 

The calorimeter was similar to that described by Hubbard, Katz, and Wad- 
dington’ but was modified for rotation as described by Good, Scott, and Wadding- 
ton6. However, rotation was not used in these experiments. 

The temperature was maintained within a few thousandths of an ohm of 

28.6317 R (30.008’C) in the water jacket of the calorimeter by using a Sargent 

*Submitted in partial fultiilment of the requirements for the degree of Master of Arts in Chemistry 
at St- Joseph College, West Fkwtford, Corm., L’. S. A_ 

Tlrermochim. Acra. I (1970) 289-295 



290 31. E. RUTWILL, 3. D. ROCKEXFELLER 

thermistor controller which had been modified to give greater sensitivity. The calori- 
meter can contained approximately 2930 g of water which was maintained to within 
0.005 g of a constant weight for each experiment. Also contained within the calori- 
meter was a stirrer. the mechanism for rotation. a heater. and the platinum resistance 
thermometer. 

The thermometric system inciuded the platinum resistance thermometer which 
was of the flat calorimetric type (Leeds and Northrup type 816B), and a G-2 Mueller 
bridge (Leeds and Northrup epe HS 225-M). The sensitivity of the apparatus had 
been shown to be I.36 x 10e4 R -cm- ’ at 5 ma thermometer current and 3.33 x 10mJ 
R-cm-’ at 2 ma. 

The measurements of the calorimetric system were taken as a function of time 
for greater accuracy. In this way corrections for time-dependent heat leaks could be 
made. A Gaertner B 370A tape chronograph ~-as used during the fast reaction period 
as a suppIement to the synchronous electric clock which was used during the slow 
temperature rise periods of the experiment. These instruments were capable of 
measurements with accuracies greater than 1 /IO00 and I /lCO min respectively. 

The oxygen combustion bomb was a commercially available adaptation of the 
Argonne National Laborato? design and had an internal voIume of 347.5 ml (Parr 
Instrument Co., Catalog No. 1004). The head gasket and valve packing were Tefon 
and the valve seat was Kel-F. All the internal parts of the bomb Lvere 10% iridium- 
p!atinum and the bomb cylinder was lined with pIatinum. The ceramic electrode 

insulator was covered by a platinum washer and surrounded by a platinum disk. 
which together with 1 ml of distilled water senzd as protection to the insulator when 
the bomb w-as fired in an inverted position. 

The sample was ignited by means of a 5-mg piece of cotton thread fuse tied 
CO a I&in piece of 36gauge platinum wire which was connected between the ignition 
Eeads in the combustion bomb. The cotton fuse was tied aroand the spout of the 

satchel in which the sampIe was contained and extended over the edge of the platinum 
crucibIe containing the satchei to the platinum wire. Since the small amount of enerm 
liberated in the ignition process was compensated for in the caIcuIation of the results, 
it was found that calibration of every platinum wire was not necessary. 

.The materiaIs used were chemicals of reagent grade. The calorimetric standard 
of benzoic acid was sampie 39i obtained from the National Bureau of Standards. 
The ethyl acetate and isopropyl acetate were obtained from Fisher Scientific Com- 
pany and were Fisher Certified A. C. S. grade. The DuPont poIyester film was 

obtained from a IocaI vendor. The cotton thread was obtained from a local variety store. 

The omgen used in the combustion experiments was commercial oxygen which 
had ‘been freed of combustible impurities by first passing it over copper oxide at OCO’C 
and then through a tube containing Ascarite to remove the carbon dioxide*“-“.‘8. 

After obtaining the esters their purity was checked. A 5-jr1 sample of isopropyl 
acetate was tested with the F. and M. Model 609 Flame Ionization Gas Chromato- 
graph at 70 ‘C. The ethyl acetate was also tested using a 510% dinonyl phthalate on 
Diatoport S 60-80 mesh column. The major peak for ethyl acetate occurred with 
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other minor peaks appearing which ranged from 0.17 to 0.007% of the ethyl acetate 

peak. A Karl Fisher was also run on a sample of ethyl acetate and this analysis showed 
0.03% water present. From this the purity of ethyl acetate was determined to be 
about 99.96%. These impurities were present in such insignificant amounts that no 

further purification was carried out. The purity of the pal>-ester film was not checked 
since a series of combustion experiments on it yielded a heat of formation value very 

close to that of Good and Scott’. A series of experiments was also run to determine 

a value for the heat of formation of the cotton thread which was later used as a 
correction for the fuse_ 

The esters were encapsulated to prevent loss by vaporization. incomplete com- 
bustion resulted when the samples were encapsulated in this-walled borosilicate glass 

ampoules described by refs. 9, 14, and 16. It 7rvas thus necessary to find a new method 

of encapsulation. The technique of making satcheIs of polyester film was deveIoped 
since these satchels provided both an auxiliav material which was necessary for 
compIete combusrion and a method of encapsulation. 

A piece of hlylar approximately 2 x 3 in was folded over a metal bar 1 x4-in 

and held in pIace with a similar bar_ The sides of the satchel were formed one at a 

time by holding a hot soldering iron near the -Mylar. It was necessary io fold the 

edges in such a way that a11 raw edges -were heat seafed together to prevent leakage 
of the ester. After both sides had been formed the satchel was removed from the 

metal bar. The top was carefully folded in such a manner that pleats were formed on 
both sides. The satchel was then insetred in a ciamp and a small portion was cut 
from each side, Ieax-ing two narrow center pieces approximately I/3 in long. With 

_great care these were heat seaIed together. as was the ed_ge portion to form a spout 

through which the hypodermic needte containing the sample could later be inserted 

(see Fig. I). 

The combustion products were examined in a recovery train similar to that of 
Prosen and Rossini ’ ’ and described in detail by Browne’_ Prosen and Rossinil’ 

Fig. 1. Construction of Mylar satchell. 
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described in detail the absorption tubes used in these experiments. The tubes were 
handied according to a procedure outlined by Rossini” so the only weight gain to 
the tubes was that due to the absorbed carbon dioxide. Preliminary experiments 
have proven that it was possible to handIe the tubes uith a maximum weight gain 
of approximately 0.00002 to 0.00004 g. The average carbon dioxide recovery for 
four runs on ethyl acetate was 99.700/b and for fke isopropyl acetate runs was 99.47%. 

Since some of the nitrogen present in the purified oxygen reacted to give nitric 
acid during the bomb process, the combustion bomb was rinsed with distiiled water 
after the carbon dioxide recovery had been completed_ The amount of nitric acid 
formed during the process was determined by titrating the bomb solution with 0.05~ 
sodium hydroxide using phenolphthalein indicator and a nitrogen stream over the 
solution to keep out carbon dioxide. 

Prosen and RossinilS have shown that no appreciable amount of nitric acid 
is Iost from the bomb during the venting or flushing periods if at least one milliliter of 
water is present in the bomb. 

In thermochemica1 investigations, it is convenient to define a standard system 
and treat variations in the reaction conditions and environment as deviations from 
the standard system. The standard calorimetric system used in these experiments was 
the combustion bomb previously described which contained all internal pIatinum 
fittings except the crucibIe, gimbal, pIatinum wire connecting the electrodes, I ml of 
distilled water and 30 or 40 atm of oxygen for ethyl acetate and isopropyl acetate 
respectively. The experimental procedure used in these experiments is described at 
length by Browne’. 

F_XPERIME3TN_ REW LTS 

The calculations for these experiments were done on the IBM 7094 computer 
using a program written by C_ H. Shornate”. The -method used in this program 
follows that outlined by Hubbard, Scott and Waddingtons. The values qn, the energy 
correction for the formation of nitric acid. and qi, the energy correction for the 
ignition process, are given in Table I. 

TABLE I 

.Sl3MARt- OF TYPICAL CALORIMErRIC EXPERIHEXXS 

Corron thread Ethyl acetate Isoprop_ri acerate 

0.X426 OA9S19 0.68457 0_905@l 

0.137503 O.OS766 

0.00347 I O_OO!iOO 

1.1367s 0.54624 1.36026 I.80554 
-30.21 0.000 -14.06 -20.26 

0.3s 0.17 0.99 0.01 

%75.P 395J.s 6057s 6700.2 
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The basic unit of energy *’ used in these int-estigations was the absolute joulei 
as transferred to this laboratory by means of National Bureau of Standards standard 
sample 39i benzoic acid _ I3 The energv values can be converted to the customary * 
thermodynamic unit by using the following definition’g: 

1 cal = 4.1840 absoIute joules (I) 

In order to provide values for the esters which are consistent with the latest 
data, al1 molecular weights are based upon the new scale of atomic weights2 and 
thermodynamic data derived from other sources have been corrected to reflect the 
new atomic weight s&e. 

A correction must be made for the enera added to the standard calorimetric 
system by the process. The cotton thread was ignited by passing an electrical current 
through a platinum wire to which the cotton thread was tied. The ener_e used to heat 
the platinum wire was determined by a series of experiments and thus is considered’ 
as a constant throughout the experiments. The value used was 0.357 cal. 

The thread was pressed into pellets and burned in the usua1 manner. dE,iM 
was found to be 3941.27 cal - g- I. A typical experiment is shown in Table I. 

The energy equivaIent of the bomb calorimetric system was determined by 
measuring the temperature rise produced by the combustion of a weighed quantity 
of National Bureau of Standards sample 39i standard benzoic acid for which the heat 
of combustion was known with a high degree of accuracy’ *. The results of the calibra- 
tion experiments are shown in Table II. 

TABLE11 

SUMMARY OF EXPERIMENTAL RESULTS 

Benzoic acid cakbrarion 

E Cabot (caf-deg- 9 

3612.83 6068.1 6697.7 
3613.30 6065.8 6697.0 
3610.67 6057.5 6715.5 
3611.13 6031.9 6700.0 
3611X4 6059.5 
3611.95 6046.7 

6035.3 

MeaniZc 3611.88&0.4 6053.0~10.8 6702.6;8.7 

AE,!M for the polyester film was found to be 376.43 k3.26 cal -g- i. This 
compares with Good’s value’ of 5459.41 cal -g- I. A typical expetiment from this 
series is shown in Table I_ 

Auxiliary data consistin g of density, heat capacity, (Cc-ifir), and AE”, for the 
various compounds used in these experiments are summarized in Table III_ 

The results of the combustion experiments on ethyl acetate and isopropyi 
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acetate are given in TabIes I and 11. Some of the ethyl acetate data has been preGousIy 

reported in ref. 17. 

TABLE III 

DA-,-A FOR COSCPOL3DS 

XURC Fvrnda p (g-d-‘) c-, (cuI-~- *) (c”r!Zr), x IO6 1. g- I - deg- ’ 

Cotton thread CH~_~xOo.ss- I._% 0.40 0.953 

Polyester film C1oH.04 1.38 0.315 0 

Ethyl acetate CA&O= 0.894 0.581 0.80 
Isopropyl acetare CsH~oOz 0.877 0.582 I _704 

A deviation from the mean of three times the standard deviation was considered 

e:c~zssive. No corrections were made to these experiments for incomplete combustion. 

Experiments exhibiting incomplete combustion were discarded. 
The average value of AE,“!_W for ethyl acetate in Table II gives a standard 

state heat of combustion of dH: (liq) = + 533.27 fro.94 kcal - mole- I based on the 

molecuIar weight of 88.096. Using the heats of formation of carbon dioxide and 
water given in reference 25, the heat of formation of ethyl acetate is AH; (Iiq) = 

-115.20 20.95 kca1 -mole- 1 at 25’C From this result and additional data 

reported in the literature, the heat of hydroIysis. according to the equation, 

EtOAc (liq) + Hz0 (Iiq)+H04c (Iiq)i-EtOA (Iiq) (2) 

can be calculated- The heat of formation of liquid ethanol was taken as - 66.295 kcal- 

mote- *, which was taken from ref. 3_ The heat of formation of acetic acid, reported 
b>- Evans and Skinner* is - 115.7 5 O-1 kca! - moIe_ * _ The result is AH (hydroIysis) = 
25 kcal - moIe_ I. 

Using the value of d E,,. “j&f for isopropyl acetate given in Table II, the heat of 

combustion AH: (liq) = 685.91 50-98 kcal -mole- ’ and the corresponding heat of 

formation AH> (liq) = - 125.94 +0.89 kcal - mole- I at 25’C were calculated. The 

heat of hydrolysis of isopropyl acetate according to the equation 

isoPrOAc (Iiq)+- Hz0 (Iiq)+HOAc (liq)+isoPrOH (Iiq) (3) 

was found to be AH (hydrolysis) = 2.6 kcal. mole- I_ The heat of formation of 

isopropy1 alcohol was taken as -75.97 kc& mole- I, which is the average of the 

vaIues given in refs. 3 and 92. 
wa*.jzs. z-3 measured the heat of hydrolysis of these two csfers dircctiy in a 

solution calorimeter. He then corrected the results back to the pure liquids in the 

standard state at 25 ‘C by measuring the heat of solution of the various components 

in the same relations obtained in the hydrolysis relations. Thevalue AH (hydrolysis) = 

OS9 &O-M kcal - moie- I for ethyl acetate and AH (hydrolysis) = 0.54 kO.05 kca1 - 
mole- I for isopropyl acetate. These differences are somewhat greater than the com- 

bined experimental uncertainties based on an analysis of the random errors_ Thus it 



FORMATION OF CH3COOC2H5 ASI> CH3COOCH(CH3)CH3 295 

appears that an appreciable systematic error is associated with either the heat of 
combustion measurements or the heat of hydroIysis measurements. The most likely 
sources of systematic error in the combustion experiments are due to presence of 
water in the samples or loss of sample by evaporation_ Either of the two phenomena 
would cause the calculated heat of hydrolysis to be high. Thus the source of the 

discrepancy cannot be identified at this time. 
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