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HEATS OF SOLUTION AND FORMATION OF OXALIC ACID 
AND SOME ALKALI METAL OXALA TES 

by 

Mary H, Brown 1 and Arthur R, Taylor, Jr, 2 

ABSTRACT 

The heats of formation of oxalic acid and sodium, potassium oxalates, and 
lithium oxalates were related by solution calorimetry to the heat of formation 
of (COOH) 2 ·2H2 0, a value believed to be reliable as reported in the literature. 
The following heats of formation were determined: (COOH) 2 (a), -198 .1±0.1; 
(COOHh( S), -197.8±0.1; Li2 C204 , -328.7±0.4; Na2 C2 04 , -316.2±0.1; I<:3C2 04 , 

-321.9±0.2; and K2 C2 04 ·H2 0 , -393.5±0.2 kcal/mole. The heat of the crystalline 
transformation (COOH) 2 (a) ~ (COOH) 2 (S) was determined to be 0.30±0.02 
kcal/mole at 298.15° K. 

INTRODUCTION 

The Bureau of Mines is conducting a series of studies to determine accu­
rate thermodynamic properties of compounds of metallurgical interest. 
Although oxalic acid and its salts are well known to chemists a nd metallur­
gis ts, accurate values for the thermochemical properties of these compounds 
are lacking. Various investigators ill, l,&-18, 11-23, 25) 3 have reported val­
ues for the heat of formation of oxalic acid ranging from 196 to 205 kcal/mole. 
Even though anhydrous oxalic acid is known to exist in two crystalline modifi­
cations, only Wilhoit and Shiao (1,2), the most r ecent investigators, made any 
attempt to ascertain the crys talline form of their samples. The method of 
sample preparation and the refractive indices reported by Wilhoit and Shiao 
indicate that they measured the enthalpy of combustion of alpha (a) oxalic 
acid. The ir results, however, are based on sample weights rather than the 
amount of carbon dioxide liberated during combustion; hence, a small amount of 
moisture in the sample (anhydrous oxalic acid is very hygroscopic) could have 
caused their reported values for the heat of formation to be excessively 
negative. 

1 Fo rmer Bureau of Mines chemist, Tuscaloosa Metallurgy Research Laboratory, 
Tuscaloosa, Ala.; now postdoctoral associate, Ames Laboratory USAEC, Iowa 
Stat e Univers ity.

2 Re sea rch chemist, Tuscaloosa Metallurgy Research Laboratory, Bureau of Mines, 
Tuscaloosa, Ala. 

3 
Underlined numbers in parentheses refer to items in th e list of references at 

the end of this report. 
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From vapor pressure measurements, Bradley and Cotson (£) determined an 
average value over the temperature range of 37° to 52° C for the heat of trans­
formation of alpha to beta oxalic acid to be 1.17 kcal/mole. Their measure­
ment indicates that a significant error could be present in the reported heat 
of formation values if the sample crystallinity was not properly identified. 
This Bureau of Mines investigation, however, has established the heat of the 
transformation to be only 0.3 kcal/mole, indicating that improper crystal 
identification would cause a relatively small error in the heat of formation 
value for oxalic acid. 

To obtain a reliable value upon which to base a determination of the heat 
of formation of oxalic acid, the work of Becker and Roth (1) on the heat of 
combustion of oxalic acid dihydrate was selected. Combustion data of the 
dihydrate were considered more accurate than the value for the anhydrous com­
pound because the dihydrate exists in only one crystalline form and can be 
handled and stored with only moderate care to avoid decomposition or absorp­
tion of moisture. From the heat of combustion reported by Becker and Roth, 
the heat of formation of oxalic acid dihydrate was calculat e d to be -341.0±0.1 
kcal/mole, and this value was used as the fundamental quantity for calculating 
the enthalpies of formation of the other oxalates in this report. 

APPARATUS AND PROCEDURE 

Enthalpies of solution at 298° K were measured in an isothermal solution 
calorimeter described in detail elsewhere QQ). Essentially, the calorimeter 
consisted of a glass dewar with a volume of about 750 ml. The thermal leak 
modulus averaged about 0.002 per minute, and the heat capacity was approxi­
mately 725 cal/deg when full of solvent. During a run, the dewar was immersed 
in a 40-gallon thermostatically controlled water bath. The temperature of the 
water bath would remain constant at any setting between 20 ° and 30° C to 
within ±0.001° C during a typical 3-hour run. 

A stainless steel insert, holding the temperature measuring thermistors, 
the sample breaking mechanism, the stirrer assembly, and the calibration 
heater, was attached to the stopper used to seal the reaction dewar. The tem­
perature measuring device consisted of two 1,000-ohm probe-type thermistors 
connected in opposite arms of a Wheatstone bridge circuit. A potentiometer 
was used to oppose part of the bridge output; the remainder was fed through a 
de amplifier to a recorder . Temperature changes of about 1 ° X 10-5 K could be 
detected above the noise level of the circuit. The calibration heater was a 
100-ohm calibrated coil of manganin wire wound around the calorimeter insert. 
Before and after each sample dissolution, the energy equivalent of the calorim­
eter was determined by passing a current from lead storage c e lls through the 
calibration heater. 

Samples for the solution runs were weighed to 10-4 g, and solvent was 
weighed to 10-2 g. All weights were corrected to vacuum, 1961 atomic weights 
were used Cl!±), and the heats of solution were expressed in defined calories 
(1 cal= 4.184 joules). 
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MATERIALS 

Primary standard and reagent-grade oxalic acid dihydrate were used inter­
changeably, without purification, both for solution studies and for prepara­
tion of the anhydrous oxalic acid. Analyses of both grades of dihydrate were 
identical within experimental error. Titration with standardized sodium 
hydroxide and potassium permanganate gave the theoretical percentages for 
hydrogen ion and oxalate ion. Titration with Karl Fisher reagent gave the 
theoretical water content, and the X-ray powder pattern agreed with that given 
in the ASTM File Q). 

The beta form of anhydrous oxalic acid was prepared by vacuum sublimina­
tion in an apparatus similar to that described by Mallory (ll). A charge 
(approximately 12 g of partially dehydrated oxalic acid dihydrate) was sub­
limed at 105° Cover a period of about 3 days. 

The indices of refraction were checked with a polarizing microscope and 
compared with published data on ~ oxalic acid (26). X-ray analysis yielded 
"d" values that agreed with those reported by Gerard and coworkers (9). A min­
eral oil suspension was used for the X-ray analysis because the fine grinding 
necessary to fill the 0.7-mm quartz capillaries appeared to trigger the con­
version of the crystals into the alpha form. Microscopic examination and 
X-ray spectra of samples ground in the dry box without using oil showed almost 
complete reversion of beta to alpha after a few days. The same type of chemi­
cal analyses used for the dihydrate yielded theoretical results for hydrogen 
ion and oxalate ion for the beta crystals. 

Samples of alpha oxalic acid were prepared by recrystallization of the 
freshly sublimed beta form from anhydrous ethyl ether and from anhydrous ace­
tone. Alpha crystals were also obtained from a concentrated solution of 
oxalic acid dihydrate in acetic acid and water by evaporation at 50 ° C. All 
three procedures gave some samples of alpha oxalic acid which were identical 
according to heat of solution results and X-ray and chemical analysis. The 
ethyl ether recrystallization appeared to be the least reliable preparation 
procedure, producing alpha, beta, and mixtures of these depending upon minor 
variations of procedure. The acetic acid-water procedure was used by 
Strassburger and Torgesen (12) at the Bureau of Standards to prepare single 
crystals; however, some difficulty was experienced with sublimation of the 
oxalic acid from the solution and in removing the acetic acid from the pure 
crystals. The method described by Bradley and Cotson (.£) for obtaining alpha 
crystals from acetone was found to be the easiest and most reliable procedure. 
Slow removal of the acetone by magnesium perchlorate usually produced well­
formed crystals; however, if the acetone was allowed to remain too long, a 
yellow compound, phorone, was formed by an aldol condensation of the acetone 
(ll). Rapid evaporation of the acetone by a vacuum produced a fluffy amor­
phous material which gave erratic heats of solution. Samples of alpha and 
beta oxalic acid were examined by infrared spectroscopy, and the spectra were 
found to agree with the spectra reported by Bellamy and Pace (]). 

Primary standard sodium chloride, potassium chloride, and sodium oxalate, 
and reagent-grade lithium chloride, lithium oxalate, and potassium oxalate 
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monohydrate were used without additional purific a tio n . From spectrograph ic 
an d chemical analyses, the lith ium chloride was estimat ed to be 99.52 percent 
LiCl, 0 . 33 percent CaC12 , 0.14 percent NaCl, and 0 . 01 percent KCl; the lithium 
oxalate was est i mated to be 99 .69 percent Li2 C2 04 , 0.26 percent CaC2 04 , 0 . 04 
percent Na2 C2 04 , and 0.01 percent K2 C2 04 . Spectrographic and chemical analy ­
ses indicated that the impurities in the other compounds were less than 0 .01 
percent. X-ray powder patt e rns for all of these compounds agr eed with the 
data r eport e d in th e ASTM File Q). 

Anhydrous po t assium oxalate was obtained by dehydra ting the monohydrate 
a t t emper a tures between 100 ° and 150° C. We i ght loss at th ese t emperatures 
was equal to the theoretical loss expected for the dehydration of the monohy ­
drate, and oxalat e ion determinations were within experimental error of the 
theoretical values for anhydrous potassium oxalate. The X-ray powder pattern 
determined for these samples, however, differed significantly from the pattern 
g iven in the ASTM File (card 14-757) (l) for anhydrous potass ium oxalate . 
Po t assium carbonate, an expected decomposition produc t of potass ium oxalate, 
wa s not detected in the powde r patterns. The pattern r eport ed on the ASTM 
card for the anhydrous material was very s imil a r to that reported for the mono­
hydrate, indicating th a t th e samp l e us ed for th e ASTM dat a was cont ami n a ted 
with monohydrate. This conclusion was further s trengthened by examina ti on of 
patterns for samples of the anhyd rou s potass ium oxalate whi ch we r e handled 
without precaution to p r event moisture absorption from the air . The "d" val­
ues obtained for the anhydrous potassium oxalate are reported in t able 1. 

TABLE 1. - X-ray data for anhydrou s potassium oxalate1 

"d" values Intensity "d" values Intensity "d" values Intensity 
4 .15 Weak 2 .141 Weak 1. 564 Weak 
4.07 Medium 2.108 Weak 1.509 Weak 
3. 75 Weak 2.036 Weak 1.486 Weak 
3.453 Weak 2 . 004 Weak 1.474 Weak 
3.126 Medium 1. 933 Weak 1.457 Weak 
3 . 063 Weak 1. 910 Medium 1.415 Weak 
2 . 950 Strong 1. 821 Weak 1.399 Weak 
2.889 Very strong 1 . 77 6 Weak 1 . 385 Weak 
2 . 730 Strong 1. 743 Weak 1. 279 Weak 
2. 671 Medium 1. 722 Medium 1.177 Weak 
2 . 629 Strong 1. 670 Weak 1.160 Weak 
2 .491 Strong 1.634 Weak 1.135 Weak 
2 .312 Very stron g 1 . 610 Weak 1.122 Weak 
2 .238 Strong 1. 579 Medium 

1 The anhydrous potassium oxala t e was obtained by dehydrating potassium 
oxalate monohydrate at 100° C. It was ground in petroleum jelly to 
protect it from moisture while in the diffractometer sample hold er. 
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RESULTS AND DISCUSSION 

Oxalic Acid 

Table 2 presents the reactions for the heats of solution of oxalic acid 
and its hydrate, together with the reactions which represent the heat of 
hydration and enthalpy of formation of each anhydrous form and the heat of 
transition from the beta form to the more stable alpha form. Reaction 1 repre­
sents the average heat of solution of 16 samples of alpha oxalic acid weighing 
from 2.1 to 4.6 gin 763.4 g of water. Reaction 2 represents the average heat 
of solution of 13 samples of beta oxalic acid weighing from 2.1 to 3.1 gin 
763.4 g of water. Reaction 3 represents the average heat of solution of seven 
samples of oxalic acid dihydrate weighing from 4.2 to 5.0 gin 763.38 g of 
water. The large number of anhydrous samples were run to check various prepa­
ration procedures for the different crystal modifications. All of the heats 
of solution measured were independent of sample size. The difference between 
the heats of reactions 1 and 3 is the heat of hydration of alpha oxalic acid, 
-6.245 kcal/mole, as shown by reaction 4. The difference between the heats of 
reactions 2 and 3 is the heat of hydration of beta oxalic acid, -6.544 
kcal/mole, as shown by reaction 5. Using data from table 3 and the heat of 
reaction 4, the heat of formation of alpha oxalic acid was calculated to be 
-198.1±0.1 kcal/mole as shown by reaction 6. Using reaction 5 and data from 
table 3, the heat of formation of beta oxalic acid was calculated to be 
-197.8±0.1 kcal/mole, as shown in reaction 7. The difference between the 
heats of reactions 1 and 2 is the heat of the transition from the beta form to 
the alpha form, -0.30±0.02 kcal/mole, as shown in reaction 8. 

TABLE 2. - Reactions concerning oxalic acid 

Reaction 6H29 s • l 5 , cal 

(1) (COOHh (a,) + 1284 H20 U,) --+ (COOHh · 1284 H20 2,438± 12 
(2) (COOH)2 (13) + 1284 H20 (..e) --+ (COOH)2 · 1284 H20 2,139±18 
(3) (COOH)2 · 2 H20 (c) + 1282 H20 ( £ ) --+ (COOH) 2 • 1284 H20 8,683±14 

(4) (COOH)2 (a) + 2 H20 ( £ ) --+ (COOH) 2 • 2 H20 (c) -6,245±19a 
--+(5) (COOH)2 ( 13 ) + 2 H20 (,e) (COOH)2 • 2 H20 (c) -6,544±23b 

(6) 2 C (graphite) + H2 (g) + ~ (g) --+ (COOH)2 ( a ) -198, 125i 110 
(7) 2 C (graphite) + H2 (g) + 02 (g) --+ (COOH)2 (13 ) -197, 826±112 
(8) (COOH)2 ( 13) --+ (COOHh (a) -299±22c 
a684 681 683. 
bLiH5 6H2 6H3. 
c 6Hs = 6H2 ffil1 • 

This heat of transition of beta to alpha is only about one-fourth that 
obtained from Bradley and Cotson's <..§.) vapor pressure studies and indicates 
very little energy difference between the two crystalline forms of anhydrous 
oxalic acid. This conclusion is further confirmed by phenomena such as either 
alpha or beta crystals being deposited from ethyl ether solutions during 
attempts at sample preparation. 

https://0.30�0.02
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TABLE 3. - Selected heat of formation values 
used in calculations 

Compound 6Hf. kcal/mole Reference 
(COOHh • 2 H2 0 (c) -341. 0 ±0.1 U) 
H2 0 ( £) -68.315± .020 @) 
HC1•27.75 H20 (£ ) -39. 321± .020 lli) 
LiCl (c) -97.58 ± .27 @) 
NaCl (c) -98.26 ± . 08 @) 
KCl (c) -104.37 ± .06 (_§) 

Becker and Roth U) also measured the heat of solution of oxalic acid 
dihydrate and anhydrous oxalic acid, but they made no mention of the crystal­
line form of their anhydrous sample. They obtained values of 8.62±0.1 
kcal/mole for the dihydrate and 2.03±0.01 kcal/mole for their anhydrous sample 
at 20.5° Cina final concentration of 2,100 moles of water per mole of oxalic 
acid. From these data, they calculated the heat of hydration of their anhy­
drous oxalic acid to be -6.59 kcal/mole, which compares favorably with 
-6.54±0.03 kcal/mole obtained in this study for the beta form of oxalic ac id. 

Lithium and Sodium Oxalates 

The value of the heat of formation of sodium oxalate in Circular 500 (Ll) 
is based on heat of solution measurements reported by Berthelot (~) in 1875. 
Lithium oxalate is not listed in Circular 500. The heats of formation 
reported in this work are the first values obtained from a single experimental 
study for these oxalate compounds. 

For all of the solution measurements in this study, 2.000 ~ HCl was used 
as solvent . The acid was prepared by diluting reagent-grade concentrated acid 
with distilled, deionized water. The acid was standardized with sodium hydrox­
ide solution which had been standardized with primary standard potassium hydro­
gen phthalate. Adjustments were made until an exact concentration of 2 .000 ~ 
was reached. 

Although the heat of formation of lithium oxalate was determined in a 
prior study in this laboratory QQ), evidence from the present investigation 
indicated that the anhydrous oxalic acid samples used in the older study were 
mixtures of two crys tal forms. To avoid problems of sample crystallinity, a 
n ew reaction scheme based on oxalic acid dihydrate was selected. 

Table 4 gives th e equations, average heat effects, and uncertainties for 
th e reactions us ed to det e rmine the heat of forma tion of lithium oxalate. 
Reaction 1 represents th e average heat of dissolution of five samples of 
LiCl (c) weighing from 2 . 5 to 4.0 gin 796.9 g of 2.000 ~ HCl. Reaction 2 
represents the average h eat of dissolution of eight samples of (COOH) 2 ·2 H2 0 
in a solution equivalent to the final solution of reaction 1. The heat 
absorbed in reaction 2 was independent of the presence of LiCl. Reaction 3 
represents the average of the heats of dilution when four samples of H2 0 (£) 
weighing from 14.3 to 30.8 g are added to a solution equivalent to the final 
solution of reaction 2. Reaction 4 represents the average heat of dissolution 

https://6.54�0.03
https://2.03�0.01
https://HC1�27.75
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of seven samples of Li2C204 (c) weighing from 2.4 to 5. 3 g in 796. 9 g of 
2.000 ~ HCl. Reaction 5 represents the heat of mixing when an appropriate 
amount of 2.000 ~ HCl is added to a solution equivalent to the final solution 
of reaction 4 to make it equivalent to the final solution of reaction 3. Only 
one run was made to show that the heat of this reaction was negligible. All 
heats of solution were independent of sample size. Reaction 6 in table 4 is 
obtained by adding reactions 1, 2, and 3 and subtracting reactions 4 and 5. 
The heats of formation of all t he compounds and solutions in reaction 6, with 
the exception of Li2C204 (c), are reliably known. Combining the necessary 
heats of formation from table 3 with the calculated heat of reaction 6 and 
keeping only the significant digits yields the heat of formation of Li2C204 , 

- 328 . 7±0 . 4 kc al/mole . 

Reaction 6H298 . 15 , cal 

(1) LiCl (c ) + 21 . 84 HC1 · 27 . 75 H20 - 7, 77 6±4 

- 40 7±2 

--,( 4) 1 / 2 Li2 C2 04 + 21.84 HC1·27 . 75 H20 243±5 

[1/2 Li2C20J --,(5) 21. 84 HCl + HC1·27.75 H20 0±2 
606 . 06 H20 

(6) LiCl (c) + 1/2 (COOH h · 2 H20 (c) 
+ 26. 75 H20 ( f,) _, 1/2 Li2C204 (c) + HCl' 27. 75 ~Oa -3,911±10 

(7 ) 2 Li (c) + 2 C (graphite) + 2 02 (g) _, Li2C204 (c) -328 , 706±403 

Tab l e 5 give s the equations, average heat effects, and uncertainties for 
th e r eactions us ed to determine the heat of formation of sodium oxalate. The 
scheme is identical to the one presented in table 4 for lithium oxalate . Reac ­
tion 1 represents the average heat of dissolution of six samples of NaCl (c) 
weighing from 4 . 2 to 4.9 gin 796.9 g of 2.000 ~ HCl. Reaction 4 represents 
the average heat of dissolution of 11 samples of N¾C204 (c) weighing from 4.1 
to 5.1 g . Reactions 2, 3, and 5 in table 5 are identical to similar reactions 
in table 4 . Combining the necessary heats of formation from table 3 with the 
calculated heat of reaction 6 yields the heat of formation of sodium oxalate, 
- 316 . 2±0 . 2 kcal/mole . 

https://HC1�27.75
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TABLE 5. - Reaction scheme for the determination of the standard heat 
of formation of Na2 C2 04 (c) 

Reaction 6H29 s . 1 5 ' cal 

..... 

606.06 H2 0 
(1) NaCl (c ) + 21.84 HC1·27.75 H20 u•Cl21. 84 HCl ] 1,418±4 

1/2 (COOH) 2 ·2 H20 (c) + Lael J [1/2 Na2 C2 J(2) 21. 84 HCl -+ 22.84 HCl 4, 515±8 
606.06 H20 607. 06 H20 

u/2 Na2C204] [1/2 Na2Ca0j.....(3) 22.84 HCl + 26.75 Ha O ( £ ) 22.84 HCl -407±2 
607. 06 H20 633.81 H20 

[1/2 NaaCa~J(4) 1/2 Na2C204 (c) + 21.84 HC1•2 7.75 H20 -+ 21. 84 HCl 2, 501±6 
606.06 H20 

IT/2 NaaCa04] [1/2 Na,,CaOJ.....(5) 21. 84 HCl + HC1·27.75 H20 22.84 HCl 0±2 
606.06 H20 633.81 H20 

(6) NaCl (c) + 1/2 (COOH) 2 ·2 H20 (c) 
+ 26. 75 H20 ( £ ) ...... 1/2 Na2C204 (c) + HCl • 27. 75 H20a 3,025±12 

(7) 2 Na (c ) + 2 C (graphite) + 2 02 (g) --+ Na2C2 04 (c) -316,198±159 

Potassium Oxalate and Potassium Oxalate Monohydrate 

The heat of formation of anhydrous potassium oxalate reported in Circu­
lar 500 is based on the heat of solution measurements made by Berthelot in 
1875 ~), and the heat of formation of potassium oxalate monohydrate is based 
on heat of solution measurements made by Berthelot ~), Thomsen (lQ), and 
Perreu (13). 

For convenience, distilled, deionized water was used as the solvent 
instead of the 2.000 ~ HCl used as the solvent for the sodium oxalate studies. 
The use of water as the solvent necessitated a few minor changes from the r eac­
tion scheme used for sodium oxalate. These changes are evident from table 6. 
Reaction 1 represents the average heat of dissolution of eight samples of 
oxalic acid dihydrate weighing from 4.2 to 5.0 gin 763.4 g of water. Reac­
tion 2 represents the average heat of dissolution of five samples of potassium 
chloride in a solution equivalent to the final solution of reaction 1. Reac­
tion 3 represents the heat of dilution of the final solution of reaction 2 
with water. Only one run was necessary to show that the heat of this reaction 
was negligible. Reaction 4 represents the average heat of dissolution of five 
samples of potassium oxalate monohydrate weighing 6.2 to 7.4 gin 763.4 g of 
water. Reaction 5 represents the average heat of mixing six samples of 

https://HC1�27.75
https://HC1�27.75
https://HC1�27.75
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2.000 M HCl with a solution equivalent to the final solution of r eaction 4 to 
make it equivalent to the final solution of reaction 3. Reaction 6 was 
obtained by adding reactions 1, 2, and 3 and subtracting reactions 4 and 5; 
the heat of reaction 6 was obtained in a like manner from the heats of reac­
tions 1, 2, 3, 4, and 5. The heats of formation of all the compounds and solu­
tions in reaction 6, with the exception of K:aC204 °H20 (c), are reliably known. 
Using the heats of formation listed in table 3 and the heat of reaction 6, the 
heat of formation of K2C204 ·H20 (c) was calculated to be -393.5±0.2 kcal/mole. 

TABLE 6. - Reaction scheme for determining the standard heat 
of formation of K2C204 °H20 (c) 

Reaction 6H29 s . 1 5 , cal 

[ (COOH)2(1) (COOH)2 · 2 H20 (c) + 1246 H20 ( .R, ) -> J 8, 683± 14 
1248 H20 

[ (COOH)2 ] [:KaC20, J
(2) -> 2 HCl 8, 322±9 2 KCl (c) + 1248 H20 

1248 H20 

[KaC2¼ UKaC204 0± 2 J J(3) 2 HCl + 54. 50 H20 (.R,) -> 2 HCl 
1248 H20 1302. 5 H20 

(4) K2C204 ·H20 (c) + 1246 H20 ( .R, ) -> [K2C204 ] 7,127±14
1247 H20 

u¾C204 J(5) ~KzC204 + 2 HC1·27.75 H20 -> 2 HCl 578±13 
247 H20 1302. 5 H20 

(6) (COOH) 2 · 2 H20 (c) + 2 KCl (c) 
+ 54.50 H20 ( .R,) _, K2C204 ·H20 (c) + 2 HC1·27.75 H20a 9,300±26 

(7) 2 K (c) + 2 C (graphite) + H2 (g) 
+ 5/2 02 (g) -> K2C204 ·H20 (c) -393, 483± 165 

The heat of formation of anhydrous potassium oxalate may be calculated 
from the reactions representing the heats of solution of potassium oxalate 
monohydrate and anhydrous potassium oxalate given in table 7. Reaction 1 is 
identical with reaction 4 of the previous scheme. Reaction 2 represents the 
average heat of solution of six samples of anhydrous potassium oxalate weigh­
ing from 4.9 to 5.7 gin enough water to make the final solution equivalent to 
that obtained in reaction 1. Reaction 3, the hydration of K:aC204 , was 
obtained by subtracting reaction 1 from reaction 2. Using the heat of forma­
tion of water from table 3, the heat of formation of KzC204 ·H20 (c) determined 
in this study, and the heat of reaction 3, the heat of formation of K2C204 (c) 
was calculated to be -321.9±0.2 kcal/mole. 

https://HC1�27.75
https://HC1�27.75
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According to Bichowsky and Rossini (2), the data of Berthelot yield +7.57 
kcal/mole for the heat of solution of potassium oxalate monohydrate at a final 
concentration of 400 moles of water per mole of potassium oxalate, and those 
of Thomsen yield +7.52 kcal/mole at a final concentration of 800 moles of 
water per mole of potassium oxalate. Perreu (l]) measured the heat of solu­
tion of potassium oxalate monohydrate as a function of concentration for sev­
eral solutions. At the same final concentration used in this study, Perreu 
measured a heat of solution of +7.42 kcal/mole. All of these previous measure­
ments of the heat of solution of ~C204 ·H20 (c) were made at 18 ° C. In this 
study, the heat of solution measured at 25 ° C and at a final concentration of 
1,247 moles of water per mole of ~C204 ·H20 is +7.13 kcal/mole, somewhat less 
than the older measurements. This may explain the difference between the val­
ues of the heats of formation of ~C204 'H20 (c) and K2C204 (c) found in this 
work and in Circular 500 Ql.). 

TABLE 7. - Reactions for the determination of the standard heat 
of formation of ~C204 (c) 

Reaction 

(1) l<,aC204 ·H20 (c) + 1246 H20 ( £ ) -+ l<,a C2 04 · 1247 H2 0 7, 127± 14 
( 2) K2 C2 04 (c) + 1247 H2 0 ( i,) -+ l<,aC204 · 1247 H20 3,897±10 

(3) ~ C2 04 (c) + H2 0 ( i,) -+ . l(,a C2 04 •H2 0 ( c) a -3, 230± 18 
(4) 2 K (c) + 2 C (graphite) + 2 02 (g) ..., K2C204 (c) -321, 938±167 

SUMMARY 

Table 8 summarizes the heats of formation determined from this study. 
These heats of formation are based on the heat of formation of (COOH) 2 ·2 H20, 
-341.0±0.1 kcal/mole determined by Becker and Roth G). 

TABLE 8. - Heats of formation of several oxalates 

Com ound Heat of formation kcal/mole 
(COOHh ( a.) ................. . -198. 1±0.1 
(COOH)2 ( S), ·. · ·, • · · • · • · • • • · · -197. 8±0. 1 
Li2 C2 04 ••.•.•••.••••••••••.•• -328. 7±0.4 
Na2 C2 04 ••• • •••••••••••••••••• -316. 2±0. 1 
K2C204 ..... ,,. · · · · · · · · · · • · · · · -321. 9±0. 2 
~C204 ·H20 .. . ............... . -393. 5±0. 2 
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