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THE ISOTOPE EFFECT IN THE DECOMPOSITION OF OXALIC ACID
1

'
2 

by 

~rthur Fry3 1nd M~lvin Calvin 

Radiation Laboratory and Department 
of Chemistry, University of California, 

Berkeley 

ABSTRACT 

The cl3 and c14 isotope effects in the decomposition of oxalic acid have 

been studied simultaneously at two different temperatures. In each case the 

cl4 effect is approximately double the cl3 effect, and both are in reasonable 

accord with theoretical calculations based on a simple postulated mechanism for 

the reaction. 

For public~tion in The Journal of Physical Chemistry 

(1) The work described in this paper was sponsored by the U.S. Atomic Energy 
Commission. 

(2) This paper was abstracted from ~rt of the thesis submitted by Arthur Fry to 
th~ Graduate Division of the University of California in l!lrtial fulfillment 
of the requirements for the Ph.D. degree, June 1951. 

(3) Present address: Department of Chemistry, University of Arkansas, Fayette= 
ville, i~rkansas • 
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THE ISOTOPE EFFECT IN THE DECOMPOSITION OF OXALIC ACID
1

'
2 

by 

Arthur Fr.13 and Melvin Calvin 

Radiation Laboratory and Department of Chemistry, 
University of California, Berkeley · 

(1) The work described in this paper was sponsored by the U.S. 
Atomic Energy Commission. 

(2) This paper was abstracted from part of the thesis submitted by 
Arthur Fry to the Graduate Division of the University o£ 
California in partial fulfillment of the requirements for the 
Ph.D. degree, June 1951. 

(3) Present address: Department of Chemistry, University of Ar
kansas, Fayetteville, Arkansas. 

Introduction 

Lindsay, McElcheran and Thode4 have studied the c13 isotope effect 

(4) J.G. Lindsay, D.E. McElcheran and H.G. Thode, J. Chem. Peys.,, 
11, 589 (1949).. . 

in the decomposition of oxalic acid in concentrated sulfuric acid at 100~C. 

The results were reported as ratios of rate constants for the equations; 

(COOH) 2 (1) 



'• 

~OOH 
CooH 

-4-

* C02 + co ... + ~0 
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* The ratio kz/k.:;, where C indicates cl3, was found to be lo032, while 

kl/(k2 + k.:;) was lo034o 

(2) 

Similar experiments have now been carried out using oxalic·acid-1,2-~, 

and both the cl3 and the c14 isotope effects have been determined on the same 

samples., In addition~ the decompositions have been carried out at two dif'f'er

ent temperatures, and the differences in energy and entropy of activation f'or 

decomposition by equations. (2) and {3) nave been calculated for both cl3 and cl4., 
'••. 

· Experimerrlial_. 

Preparation of' Oxalic Acid ... l,2-C¥' : -·,The ~alic acid-11 2·0~ used 

was prepared by the reaction between o~rbon dioxida-cl4 and potassium on sand at 

,3600 followed by; extensive ~urif'ioationo5 Ca-~bon dioxide generated i,s I!.m2 

(5) Fo A., Long, J., Ani. Chern. Soc.,, ~ 570 (1939)., 

from 3o31S ge of barium carbonate (2., 75 f.I.C) with hot concentrated sulfuric acid was 

dried and stored in a bulb for later useo A sample of' sand was boiled with aqua 
.· . . 

regia and. thoroughly washed and dried in order to remove metallic and organic 

impurities., A 50 cc., round bottomed flask with a neck about f'our inches long was 
I 

filled about half full with the purified sand. To this was added 2o4 g., of' 

freshly cut ether-wa-shed potassium, and the f'lask was connected to the_ vacuum 
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line by a tygon tube to facilitate shaking. After evacuation, the flask was 

heated in a Woods metal bath to about 360°C, and shaken vigorously to spread 

the molten potassium over the surface of the sand. When the potassium melted 

a considerable quantity of volatile material was released which was pumped off e 

After the evacuation was complete, the temperature was maintained at 36<PC, and · 

the carbon dioxide-c14 was allowed to flow into the reaction v~ssel. The re-

action proceeded rapidly and was facilitated by vigorous shaking and tapping 

on a corck ringo When the reaction was complete as shown by the drop in car-

bon dioxide pressure, the flask was allowed to cool and the excess potassium 

was cautiously decomposed by adding water. No trouble with fire was encountered 

in this decomposition, probably because the h1drogen quickly swept all the oxy-

gen out of the flask; however, as a precaution, a vessel of liquid nitrogen into· 
~ 

which the reaction vessel could be dipped was always kept handy in case the decom-

position became too violent. The sand and some black carbonaceous material formed 

in the reaction was removed by filtration, and excess acetic acid was addedc The 

solution was boiled to remove dissolved carbon dioxide which was recovered as 

barium carbonate of approximately the same specific activity as the starting ~a-

teriale Wto barium carbonate recovered = 0 .. 467 g. (14.1%). The black carbonaceous 

material above could also be burnelf and the carbon dioxide recovered as barium car-

bonate of high specific activity. Excess calcit.un chloride solution was then 

added to the acetic acid solution, and after digestion, the dirty grey calcium 

oxalate precipitate was removed by centrifugation., The precipitate was dissolved 

by adding a slight excess of concentra-ted hydrochloric acid and warming., This 

solution was then continuously ether extracted for three hoursc The ether solu-

tion was evaporated-over a small amount of water and the purification cycle was 



repeated starting with the calcium cxa1e.te precipitationo The final aqueous 

solution was concentrated to about 10 cc. and filtereds .and the remaining 

water and hydrochloric acid were lyophilized off3 leav:tn.g a pure whit,e pro= 

duct of anhydrous oxalic acit, wt., = 0.,3023 .g .. , 39.,9% yield. IX!. other r:uns the 

yields ranged from 45=55%, with an additional 15=20% of the activity being re= 

covered as carbon dioxide., While no extensive investigation of the reaction 

conditions was carried out, neither the amount of sand, the amount of potassium 

nor the exact temperature appeared to be at all criticaL The yields could 

probably be improved somewhat by using freshly distilled potassium. Care was 

required in concentrating the final oxalic acid solution., since the acid will 

sublime away quite rapidly if evaporated to dxyness on a steam bath with a 

stream of air passing over the surface. The ~ophilization procedure was very · 

s~tisfactoey., The oxalic acid was checked for radioactive impurities by 

paper strip chromatography using a mixture oft-amyl ~lcohol.and benzene sa

turated with 3 I hydrochloric acid as the· solvent... No radioactive. spots were 

·found except for the oxalic acid spot, apd .an .upper ·limit of Oo5% was set for 

the amount of radioactive impurity .. The P'llrity of an inactive sample prepared 

by the above procedure was checked by titrations w i tin standard base and stan

dard permanganate .. A sample of 0.1927 g~ of the. oxalic acid 'required 4o33 Cleo 

1~000 M. sodium hydroxide, giving an equivalent weight of 44o9 (theory = 45 .. 0) » 

and 21,.50 ceo Oe2000 Ji potassium permanganate, .giving an equivalent weight of' 

89.,8 (theory= 90cO)o For use in the decomposition experiments, 0.,2230 g., of 

the oxalic acid=l,2~C~ prepared above was diluted with 14o77 g. of purified 

inactive oxalic acid by dissolving the two samples together, filtering and 

lyophilizing off the water. Base and permanganate titrations on the product 

gave theoretical values for the equivalent weight. The inactive oxalic acid 

was purified by recrystallizing BakerY s C.,P0 oxalic acid two times from water. 
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In each recrystallization only about half the product was recovered, with both 

the first and last quarter of the crystals being discarded. 

Preparation ofNlOO% Sulfuric Acido ... The IV 100% sulfuric acid used was 

prepared by adding 100 cc. of JO% fuming sulfuric to 150 cco of ordinary concen

trated sulfuric acid in a glass stoppered flask. The solution was shaken vigorously 

and allowed to stand overnighto A sample of 1 cc.,, wt., = 1.,8214 g .. , was diluted 

with. water and upon titration with standard 1M sodium hydorxide required J6o92 cc. 

for neutralization, giving a molecular weight oP 97.,5 (99o4% of theory)., This 

same sulfuric acid stock was used in all the decomposition experiments .. 

Decomposition Experiments., The decompositions were carried out using 

99o4% sulfuric acid in.the apparatus shown in Figure 1., Approximately one gram 

samples of oxalic acid were placed in the decomposition chamber, B., The apparatus 

was assembled, using the 99 .. 4% sulfuric acid to lubricate the joints and stop

cocks., Ten cc., of the 99 .. 4% sulfuric acid was pipetted into the preheater, c, 

and dry carbon dioxide-free oxygen was allowed to sweep through the system for 

about one hour., The gas from the outlet of the assembly shown in Figure 1 was 

conducted, in turn, through a spirai trap cooled by a dry ice-isopropyl alcohol 

mixture, a spiral bubbler filled with 2 ~ sodium hydroxide to remove the carbon 

dioxide, a copper oxide packed furnace at ~700°C to burn the carbon monoxide to 

carbon dioxide, and another sodium hydroxide filled bubbler to absorb this car

bon dioxide. When the oxygen had been sweeping through the apparatus for about 

an hour, the spiral bubblers were filled wi~h 2 M sodium hydroxide,and the li~uid 

in flask A was heated to reflux by means of a Glascol mantle.. The vapor of the 

boiling liquid served as a constant temperature bath to heat the sulfuric acid 

and oxalic acid to the desired reaction temperature.. The boiling point of the 



UGRI~ 1565 

liquid in flask A determined the temperature ,:..f de;compodt~ono Dioxanrs: a.nd 

carbon tetrachloride were chosen to give temperatures of 10.3o0°C .and 80ol°C:J 

respectively o When the liquid in flask A had beer: reflnxing 1;~.gorously for 

approximately one~half hour.~~ the stopcock was opened and the s<.i.lf:.a·ic add 

was allowed to flow onto the oxalic acid. At l03o0°C the ·reaction was very 

vigorous and care had to be exercised :tn adding the sulfuric acid to 1:117oid 

frothingo In all cases the sulfuric acie was added as rapidly as, possible" 

The oxygen sweep served to stir the oxalic acid-sulfuric acid mixture& The 

sweep was continued until gas bubbles were no longer observed in the sulfuric 

acid solution.~~ and then for additional hour and one-half o The carbonate in the 

two bubblers was collected and weighed as barium carbonateo The yields of 

barium carbonate from the carbon dioxide and carbon monoxide were quan·tita= 

tive, and the blanks were negligible. 

Isotopic Composition Measurementso = The c14 activity measurements 

were made using an ionization chamber and vibrating reed electrometer connected 

to a Brown recorder. The ionization chambers were filled to a standard pressura 

wit.h ca'rbon dioxide generated in a vacuum system from the barium carbonate 

samples wi'th concentrated sulfuric acido A sample of this same carbon dioxide 

was stared in a bulb for later mass spectrometric analysiso The samples from 

the carbon monoxide and carbon dioxide from a given run were- measured in imme= 

diate succession in the same ionization chamber and on the same instrument in 

order to reduce to a minimum any variations in the procedure and instrumentso 

Several independent measurements were made on each sample from each decompo-

sition3 starting wi~h the barium carbonate in each caseo 
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The c13 measurements6 were made on a Con~olidated Type 21-102 mass 

Thanks are d.ue to Dr. A. Newton and Dr. Lo ToL'!lan of this laboratory 
for these measurements. 

spectrometer, using a magnetic sweep to scan the peaks at m/q = 44 and 45. Se·-

veral independent scannings of each sample were made. In several cases, the 

entire low m/q mass spectrum was taken using a voltage scan, and no peaks were 

found except those of the normal carbon dioxide patterno Samples of normal 

carbon dioxide were also run during the sample determinations to check the re

producibility of the mass spectrometero The m/q = 45 peak height was corrected 

for· the ol7 content of the carbon dioxideo 

Results 

The o14o2 specific activities and c13o2 mole fractions obtained in the 

various runs are shown in Table I o In all cases, the values given are averages 

of ~everal measurements, and the indicated errors are average deviations of 

these measurements. 

The c13 measurements were made at two different times, rQns 1-4 and 

normal carbon diox~de 1 and 2 (carbon dioxide from dry ice) being measured at 

one time and runs 5-8 and normal carbon dioxide 3 and 4 (same stock sample of 

carbon dioxide) being measured somewhat later. Since in the subsequent ·calcu-
13-lations$ only the relative 0 02 fractions are used, the variation in ·the nor-

mal carbon dioxide value between the two times is not serious since the differ-

ence is reflected in the values frem both the carbon monoxide and carbon dioxideo 

The cl4 measurements were made using diZ:ferent instruments and at different times 
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Table I 

c14o2 Specific Activities and c13o2 Mole }'Tac-Ltons f:rt% the De'Jlompos:tt:lton rof' 

CJtalic Acid-1,2~a~i. 
.:; 

H2C204 013 ~f J7 
()·"l't' 

Decomposition 
Mole cl3o2'11' Specific Activity == 

Run Noo Tempo Fraction Drift Rate, Volts/mino 
o12o2 + o13o2 X 103 

· x ro5 
002 Fraction CO Fraction C02 Fraction CO Fraction 

1 103o0°C 1089,t6 1065.t3 4585;t40 433&.t29 

2 1092~ 1058;t2 4535;t39 4277:37 

Normal .002 
1 1115+1 .... 

3 1088;!;2 1059.t4 4554t39 4328;t68 

4 1091;!3 1062%5 4504;t27 1.286±29 

Normal 002 
lll6;tl 2 

Permanganate 
oxidat.ion 1074;;!:;2' 4442:,t36 

5 80ol°C 1114:!;1 1076%3 4507t21 420.3;t36 

6 1110+2 
= 

1078;t6 46.3~43 4.335;t31 

Normal C02 
3 1137~3 

7 1107;!:3 1073±3 4531!11 4247+20 .. 
8 · lllO;t2 l075g3 4614:!;17 4352t24 

Normal 002 
4 

* Corr,ected for presence of c12ol7 ol6 ~ 

** Actual specific activity = JV30 diso/mino/mgo Baco3 
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which probably accounts for the variations in specific activity from run 

to runo However, the carbon dioxide and carbon monoxide fractions from the 

same run were measured in immediate succession on the same instrument, to 

reduce this variation as much as possible ~ithin a given ru.n.o 
I 

In the following.~alculations onlY the monolabeled oxalic acid is con

sidered although the oxalic acid actually used is called oxalic acid-1,2-c}4, 

since by its method of preparation both carbon atoms would be labeled if pure 

c14o2 were usedo Actually~ the number of dilabeled molecules was calculated to 

be a ve~ negligible fraction of the totalo 

Referring to equations (1), (2) and (3) and assuming that the reaction 

is first order with respect to oxalic acid, the specific activities or mole 

fractions of the carbon dioxide and carbon monoxide are given by the follow-

ing equations~ 

Ox 

Ox . (1 $ e""k,t) + Ox* (1 

Combining the above equations gives equation (4): 

~2-y * co k2 * s 
C02 + C02 CO + co k3 ( 

! 

(4) 

•' 



.. 

.• 

It should be noted that k2;'k3 calculated in. this manner is ind8pe:~1dent of t;}.:rrt's't 

and hence of the amou.1t of reaction.ll while cp~P,,~:·r~.ng the specific; activ:it~y 
' \ ' . 

of the carbon dioxide ·or carbon monoxide to that of ths: oxalic acid i.s .aoto 

For ease of tabulation and convenience of referen~::e,, "t}:e pere,:;:ntage 

isotope effect may be defined as 100 (k2/k3 = 1)., The percentage iso"Lc:t:·"" 

effect values calculated by equation (4) from the data in Table I are given 

in Table II.. The data of Lindsay9 McElcheran and Thode4 have been recalcu-

lated in this manner, and show a much narrower spread than using their method 

of calcu.lation.ll although the average values are the same.. These recalculated 

values are also shown in Table lie 

Table II 

c13 and cl4 Isotope Effect in the Decdmposi tion of Oxalic /!.cid 

*'*" w ·---
Decomposition Tempo Percent Isotope Effect 100 (k~/k3 - 1) 

Run Nco 
013 a14 

1 10.3o09c 2.,J 5"? 

2 3o2 6oO 

3 2'47 5o2 

4 2o7 5ol 

average 2o7 + 0.,22 5 1:: + O.,JO 
"' 

c;;; = 

"" 
5 80.,1°C .3o5 7 "2 

6 3o0 6o9 

7 3o2 6.,7 

average 3.,25 ;t Ool5 6o7 ;!; Oo35 

tindsay9 Me;- . 
Elcheran and 

1Q0°C Thode* 
1 2o9 

2 
I 

3o5. * Recalculated from the ori= 
average 3o2 ginal data using equation (4) 
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Discussion 

The cl3 isotope effect values shown in Table II are thus in very satis~ 

factory agreement with the results obtained by Lindsay3 McElcheran and Thode4o 

The c14 effect is approximately double the c13 effect at each temperatureG 

The differences in energy and entropy of activation caused by the iso= 
7 

topic substitution can be calculated from the theory of absolute rateso 

(7) So Glasstone3 K. J., Laidler and Ho Eyrihg, "The Theory of Rate Pro
cesses'·' 3 1st. ede:; McGraw=Hill Book Company, New York, New York (1941). 

For equation (2) 3 and temperature ~l.t 

= 
-h 

and for equation (J), and T13 

(k3)Tl = 

Combining, 

( :: jTl 
"" (5) 

In a similar manner an equation is set up for T23 and when this equation is com-

bined with (5), equation (6) resultso 



(k2/kJ)T1 = 

(k2/k3)T2 

e T2 "" T1 

TlT2 
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(6) 

From the data observed in Table II., (6W2 = l\HI3* can be calculated by 

equation (6) 9 and this value can be substituted back into equation (5) 9 and 

(Sf)i2 = ~SI3) can be calculated. The calculated values are shown in Table IIIo 

Table III 

Energy and Entropy ofActivation Difference between Equations (2) and (3) 

Isotope =(M~2 = enr/3) 6S-f2 "' AS;f3) 

013 61 cal/mole =Ooll eoUo 

c14 131 cal/mole ~Oo24 e.,u., 

The presence of the isotope effect measured here allows some rather 

specific conclusions to be drawn concerning the mechanism of the decompo

sitionc8 At complete reaction~ all of the carbon~carbon bonds in all the 

(8) The authors wish to express their thanks to Professor Richard Powell 
for a fruit~ul discussion of the mechanism of the decompositiono 

molecules are broken9 so the isotope effect observed cannot be due to iso= 

topic discrimination in the rate of rupture ofthe carbon=carbon bondso 

Therefore9 if the observed isotopic fractionation is due to an isotope 

effect in the rate dete~1ining step of the reaction., the rate determining step 

must be the breaking of a carbon-oxygen bond, since the association of hydrogen 
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with oxygen is commonly considered to be rapid and reversible., 
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However, the observed isotope effect might also be due to some 

equilibrium step., An isotope effect is conceivable i.n rapid steps fol-

lmdng the rate determining step only under very special circumstances., 

These require a. symmetrical starting molecule and either a symmetrical pro-

duct of the ra.te determining step or products which are rapidly intercon-

vertable compared to the irreversible following reactions, in which the 

isotope selection is made., If an equilibrium process occurs before the 

rate detennining step, an isotope effect in the equilibrium could multiply 

an isotope effect in the rate determining step .. 



j 
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Such a multiplication of effects could conceive.bly lead to either a large:::o or srr:al1er 

overall effect~ depending on whether the equilibrium constant was greater or less 

than one 0 Several such pre= equilibria might be involved in some cases. 

In the present case a reasonable equilibrium prior to the rate determining step 

might be the association of a hydrogen ion with one of the carbonyl groups of the 

acid as shown in equation (7). 

i 

HO~ * /OH 
~c-c 

Ho/ ~ 
(A) (B) (7) 

ii simple calculation d" the equilibrium constant~ K, may be mad~ using the equ.a= 

9 10 tions derived by Bigeleisen and Mayer or by Urey • For lack of! complet.e date, 11 we 

(9) J. B:i.geleisen and M. G. Mayer, J. Chern. Phys • .51 l2.11 261 (1947). 

(10) H. C. Urey~ J. Chern. Soc., ·562 (1947). 

have assigned the frequence of 1750 cm.=l to 
1 

the c""o vibration~ 1100 em.=.;. to the 
. -1 

normal G-=-C vibration and 1500 em. to the two C.:.:..:..:.OH vibrations which' are r;y= 

bridized by resonance. The isotopic shifts are then calcul~ted using the approxima= 

tiori of simple harmonic oscillatorso Using these values the equilibrium const~nt 

at 100° is calculated to be Oo988 for cl4 substitution and Oo995 for cl3 subst:l.tiltionc 

Thus this particular equilibrium decreases the calculated isotope ~ffect~ but it is con= 

ceivable that in oth~r cases the effect would be in the opposite direction~ 

In calculating the ratio k2/1<J.• the above vibrational frequencies are assigned 

to the normal molecules (!A) and (B). For the transition state we tak~ a model in whi.ch 

water' has been lest from the carbon originally attached to two OH groups ar;d the c>5:r·bt,n= 
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carbon bond is gr!'!atly weakened leaving nearly free molecules of carbon diox:i.de and 
@ -1 . 
COOH. The carbon monoxid6 is assigned its :!lccepted frequency of 2170 em. and the 

&3 . 
c~rbonyl and hydroxyl frequencies in COOH are assumed to be unchanged. The force con-

stant for the c:..:..:..:.:.oH bond which is broken is set equal to zero. The ratio k2/k3 is 

then calculated using eqmttion (8), as de~ived by Bigeleisen11• 

(11) J. Bigeleisen, J. Chern. Phys., 11, 675 (1949). 

The function G(u) is defined by Bigeleisen and Mayer
9 

who have tabulated values of 

G(u~ ~s a function of u. Th~ reaction coordinate reduced mass, ~, is assumed to 

be the reduced mass of the atoms forming the bond being broken. The symbol I re-

fers to the activated complex. 

The rate r!ltio, k2/k3, calcul!lted in this manner, when multiplied by the equili

brium constants calculated above, give overall isotope effects of 6,0% for cl4 sub

stitution and 3.1% for c13 substitution at 100°. These compare to the values of 

5.5% and 2.7% measured experimentally. ·The corresponding c.~lculated values at 800 

are 6.3% and 3.4% compared to the experimental values of 6.7% and 3.25%12 • The agree-

(12) We have recently learned, by private communication, of experiments in two 
othl'>r places (Research Chemistry Division, Atomic Energy Project, National 
Re8earch Council Chalk River, Canada; and Department of Chemistry, Univer= 
sity of Illinoi.s) in which the isotope effect in a chemical reaction was de
termined for both c1J and cl4 simultaneously on the same reaction. In both 
of these cases the reported c14 effect is much more than twice the cl3 effect. 
The results for the decomposition of mesitoic acid given by Stevens, Pepper 
and Lounsbury (Canada), J. Chern. Phys., 2Q, 192 (1952)~.are as followsg 
k12/k13 1.038 t.003; k12/k14 1.101 ± .005. Here the C~/cl3 ratio is almost 
three. 'rhe r:.:,ml ts reported by Yankwich, Stivers and Nystrom (Illinois) at 
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the'! Berkeley meet:!ng,of' the .,.meric!ln Physical Socie-ty in Dec~rr..ber ~ 1951 'lnd 
mentioned in tee i~bstract appe~ring in the Bulletin of t1ie American Physicetl 
Society~ 26~ Noo 8, Paper B5 give values for both the Ci~~and cl4 effects 
corresponding with those pr~viousl:'[ reported. H~r~ the 9.l.4 effect .is about . 
four times the size of that for clJ. This latter report 1fl<'.is for the decarboxyle.= 
tion of malonic acid at its melting point. It is clear that from these three 
compariative studies~ if r6sults are accepted on th·eir face valuej that th~re: 
are isotope factors involved in the determination of the r . .,.t.e of theS('J decar= 
boxylation r~actions of which we are not y~t cognizent, sl.nc(') it if1 diff1.culti 
to see how a change :i.n mass from clJ to cl.4 could (;h~nee the meche.nism of the; 
reaction, unless perhaps nuclear spin werl'.l imrolved in some w.sy. 

m~nt in magnitude is quite s!ltisfactory, but the cslculated ti'Jmperature coeffiqierrt 

is not la,rge> enough to explain that observed experimentally. P!>rhaps a bet.ter choica 

of frequencies and model would lead t:.o e more satisfactory calculation. UH,lm!ltely 

the study of isotope t!ffects in chemical reactions should enable us to elucidate a.lJ. 

of the intimate detl!lils of the mechanism cf the reactiono When the proper equilibr:i.a 

and rate deterreining stepD l!>'.re chosen, the calculated isotope effect should co:i.ncide 

with that obser\•ed exp~rimentally. The choice of s molecule which reacts at one of 

two chemically identical groups, such as oxalic or malonic acid, is a fortunate on~~ 

since net isotope effects are observed at complete reaction, thus making it unnecessar'Y 

to study the isotopic composition of the products as a function of the amount of 

+ 0 reac ul.On. 

The presence of an isotope effect does not unequivocally establish t.t~e mech&nism 

of the decomposition» but it does offer v·ery strong evidence that the rupture of the 

carbon=carbon bond is not rate determining-» and~ consequentlyj that the rate det.ermin-

ing s·tep in this medium is the rupture of the cl'lrbon-pxygen bond. Actually the rupture 

of the carbon=oxygen bond and of the carbon~carbon bond is probably all part of a 

concerted reaction with the loss of hydroxyl (or water) from one carboxyl or the; other' 

being the initiating step. The essential steps of what is considered to be the most 

likely mechanism for thl!l decomposition are shown in Ghart Io 
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Chart I. = = Mechanism of the Decomposition of Oxalic Acid in 100% 
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Path A is seen to be less likely than Path B~ since we observe an enrich-

rnent of labeled atoms in the carbon dioxide. 
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Ultimataly, the study of isotope effects in ehemical reactions should 

enable us to elucidate all of the intimate details of the mechanism of the re~ 

actiono In the case of the decomposition of oxalic acid qy sulfu.ric acid, 

sufficien.t data will make it possible to detennine just which mode of vibration 

results in decarrposition., P.cesumably, when the proper choice is made~ all of 

the fa,;,tors in equation (7) will be knovm and the calculated_ values.ll when 

combined with the prope:i." equilibrium comrtants~ will coincide with the experi-

mental values o T.he choi{~e of a molecule which reacts at one of two chemj.c.slly 

identical grou.ps~ 
3N - 6 

the term 2._ 
i 

:Su::;;h as oxalic or malonic acids_, is a fortunate one~ in that 

G(U .. )nU-~ in enuation (7) is alwe.ys identically zero1 thus J.. ~ '"1 

affording a considerable simplification in the calculations for the rate deter-

mining step o 
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