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TI DETERMINATION OF MOLECULAR STkUCTUE 
BY IODIC ACID OXIDATION 

INTRODUCTION 

More work pertaining to organic combustions has 

been described in the literature than perhaps any other 

single analytical procedure. The fact that so much at- 

tention has been devoted to this ietermination testifies 

to its importance. The problem of determining carbon 

and hydrogen has been approached in several ways (3,4, 

5,6,8,11). In spite of all these developments there is 

still need for simpler techniques, less expensive equip- 

ment and methoas by which the occasional determination 

can be made with some degree of ease. 

A study of the means by which the above problem 

may be answered leads to one possibility, the wet com- 

bustion process. This woula entail the measurement of 

"oxyen consumed" as an alternative for determination of 

moisture. Dichromate and iodate have been cited as ex- 

c.ellent reagents for this purpose. Of these lodate is 

outstanding (2) since little, if any, decomposition 

(unless carried out above 2000 C.) or CO formation ac- 

companies its reduction. 

A survey of the literature reveals that Strebinger (lo) 
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was among the first to use iodate in this connection. 

He determined the oxygen requirement of an organic com- 

pound ana from this and the known carbon and hydrogen 

content he calculated the per cent of oxygen in the coin- 

pound. Later Stanek and Nemes (9) used this saine reagent 

to determine not only the "oxygen consumed", but in ad- 

dition the 002 evolved. ihe hydrogen content was cal- 

culated from the "oxygen consumed" plus other values 

made possible with complicated equations. 

Williams (12) has also pointed out the importance 

of being able to determine the amount of oxygen required 

for complete combustion of organic material. rie has 

developed this idea and in his paper on Oxidation ]qui- 

valent Analysis (13) describes a simple method for the 

determination of molecular structure based only on "ox- 

ygen consumed" and molecular we1ht data (plus the weight 

of sample). The success of this method, however, hinges 

upon a fairly accurate means of obtaining the molecular 

or equivalent weight of the compound in question. 

.t was the opinion of the author that the ideas 

presented by Williams could be nach further utilized as 

a tool for the determination of molecular structure. Such 

an objective would only require the development of a 

simple procedure for the determinstion of CO2 evolved 

from the reaction mixture. Due to the nature of the 



evolved gases ana. vapors, (i-ici, co2, 12, H2SO4), it is 

apparent that a gravimetric method, such as described 

by Stanek and Nemes (9) for the determination of CO2 

would not be as desirable as a volumetric procedure. 

For this reason a modified Pethenkofer method (7) using 

a v9lulrtetric principle was devised. 
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AP PARATTJS 

This apparatus is illustrated diagramatically in 

Fig. I. The reaction vessel A (volume 20 ml.) was con- 

structed from No. 15 standard taper and a capillary stop- 

cock. The gas reservo±r B consisted of a three-way stop- 

cock, a 100 ml. burette and a leveling bulb. Mercury 

was used as the confining fluid. The reaction flask for 

the analysis of CO2 was designed from 250 ml. Erlenmeyer, 

No. 20 standard taper and capillary stopcock. 



Fig. I 
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PROCEDURE 

The conditions for iodate oxidation are adeuate1y 

described in the literature (10,9,13). The analysis as 

modified for measurement of carbon dioxide is very aim- 

pie. 

The reaction vessel is charged with 10-20 mg. of 

organic material* and sufficient potassium iodate to con- 

stitute approximately 100 excess and the system flushed 

with CO2 free air. 

Closing capillary stopcock a,the three-way stopcock 

b is then opened so as to permit the flow of emitted 

gases Into the gas reservoir which is maintained at a 

slight vacuum by means of the leveling bulb. 

The carbon dioxide flask is then charged with 10 ml. 

of approximately 0.25 N Ba(OH)2, partially evacuated, and 

then connected to the other arm of the three-way stop- 

cock. 

Three ml. of concentrated H2SO4 is now Introduced - 

into the reaction vessel by means of the stopcock a. The 

charge is now ready for combustion. 

amples such as hyd.roquinone which are rapidly oxidized 
In the cold by lodic acid can be successfully treated by 
first wetting the sample with a drop or two of 18 N sul- 
furie acid before introducing the concentrated acid. 



By means of a phosphoric acid bath (1) the temper- 

ature of the reaction chamber is kept at approximately 

1900 50 
C. for 20-40 minutes. The gases which are 

generated during this time pass through a U tube contain- 

Ing approximately i ml. of concentrated potassium iodide 

solution, to the gas holder. By operating stopcocks b 

and e the carbon dioxide is readily transferred to the 

reaction flask C. 

At the end of the heating operation stopcock a is 

oened and 5 cc. of 18 N E2304 (to decrease the free air 

space) and sufficient air (CO2 free) Is flushed through 

the system to sweep all the CO2 into the evacuated flask 

C which is then brought to atmospheric pressure. 

Determination of CO2. 

The flask C IS now removed and allowed to stand for 

thirty minutes. Ten ml. of water and 5 ml. of acetone 

(to improve end point) are then aìded and the excess 

Ba(Oh)2 is neutralized to the thymol blue end point. In 

order to give as sharp a change as possible 0.8 N HC1 is 

added at the rate of approximately one-half drop per 

second. then within about O.i to 0.4 ml. of neutrality, 

0.05 N acid is used to establish the end point. In the 

case of oxidation of an organic compound the 0.8 N HC1 

required cn be sufficiently approximated for this pur- 



pose so as not to introduce any complications. 

To prevent the diffusion 01 ir into the flask 

during titration, a rubber sheet (such as used for dental 

damj was loosely fitted over the mouth of the flask. Lhe 

tip ofthe burette was inserted through a small hole in 

the rubber. This arrangement kept out the air without 

complicating the procedure wnatsoever. 

Having neutralized the excess Ba(OH)2, the BaCO3 

precipitate is taen made slightly acid to methyl red with 

a known amount of standard acid, in order to insure re- 

moval of the last traces of CO2, the solution is boiled 

for five minutes. ihe amount of 0.05 N acid required to 

neutralize the BaCO3 can now be accurately determined by 

back titration to methyl red end point. From this data 

the amount of CO2 evolved can be computed. 

Preliminary experiments using either CO2 evoir-d 

from Na2CO3 or straight Na2CO3 consistently gave high val- 

ues for recovered CO2. This constant deviation ws found 

to depend on quantity of precipitate and to be due pri- 

manly to the apparent adsorption of Ba(OH)2 by the BaCO3. 

In order to avoid using a blank, the HC1 acid was stand- 

ardized with the CO2 (evolved frorL either Na2CO3 or from 

the combustion of succinic acid) by means of the above 

procedure. 



Determination of Oxygen Consumed. 

The reaction vessel A is removed and the mixture 

transferred to a Kjeldahl flask, then diluted to ap- 

proximately loo ml. and steamed until disappearance of 

the iodine color. Sufficient Na2CO3 to neutralize about 

all but i ml. of $6 N E2304 acid is now added. The sol- 

ution is tnen diluted to 200 ml. and titrated with 0.1 N 

sodium thiosulfate. This measurL.s the excess iodate. 

The amount of iodate used was found to be consistent- 

ly greater than theoretical. This necessitated the use 

of a blank which amounted to .67 mg. per 100 mg. lodate 

used. 



DISCUSSION AND RESULTS 

The results of a number of typical runs are tab- 

ulated in Table I. 

Table I 

Substance C Calcd. H Calcd. E Calcd. 

Succinic Acid 40.66 40.68 5.22 5.12 16.83 16.88 
40.71 5.18 16.74 
40.o7 5.55 l.2O 
40.91 5.12 16.76 

ìiydrouinone 65.ó4 65.44 b.45 5.49 8.52 8.48 
o5.46 b.32 8.38 
o5.)3 5.45 8.50 

Benzolo Acid 69.02 68.84 4.96 4.95 8.13 8.14 
68.84 5.06 8.09 
69.05 5.09 8.06 

Cinnamic Acid 74.7;D 72.96 5.48 5.44 ?.45 7.41 
72.96 5.44 r74 

72.88 5.40 7.42 

Vanillin 63.22 63.15 5.22 5.30 8.90 8.95 
63.18 5.10 9.0 

3ucrose 41.94 42.10 6.72 2.48 14.08 14.25 
42.08 6.58 14.22 
42.22 6.57 14.10 

Acetylsalicy- 
lic Acid 60.07 60.00 4.54 4.47 9.97 1O00 

60.21 4.52 9.94 
60.44 4.47 9.91 

Phenyl Salicylate 
72.82 72.89 4.83 4.71 7.62 7.66 

73.08 4.72 7.63 
72.94 4.65 7.64 
73.04 4.80 7.64 
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Calculation of Hydrogen. 

Having determined both the percent of carbon and 

the oxygen requirement of the compound, the per cent 

of hydrogen can be readily calculated from the equations 

of Strebinger: 

% H - 
+ loo - i i/ C) 

8.93 

where is the oxygen requirement In grains per hundred 

grams of sample. With compounds containing other elements 

in addition to carbon, hydrogen and oxygen, these cal- 

culations can be applied to the residue after correcting 

for such elements. 

Determination of the pirical Formula. 

From the above data it is possible to make some very 

interesting calculations. By way of illustration let us 

take a specific case in which we will use the following 

designations: 

CxHyOz = formula of unknown 

M z molecular weight 

N ; number of atoms of oxigen required to ox- 
idize one molecule of compound 

E - grams oxidized by i gin. atom of oxygen 

then 

M = 12x M = NE 
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NE - 12x = 12 - R 

X 

N = Rx 

Since N and x are integers, there must be one in- 

teger which multiplied by E will give the other integer. 

The possible integers (which fit this equation) can be 

rapidly ascertained with a slide rule. 

Suppose that from the analysis of an unknown corn- 

pound (benzoic acid) we obtain the following data: 

E - 8.12 (8.14 calcd.), ; C - 69.3 (68.8 calcd.). Cal- 

culating the value of h we obtain 2.13. This would give 

x and N the possible integral values listed below. 

X 

'1 

8 
15 

iihich value 

be readily e stab 

tions derived by 

y - (6N 

z (M - 

x (M - 

14.92 122 
15.Ob 138 
32.0 260 

of x, N and M is the correct one can 

lished by means of the Diophantine equa- 

iviilne (12), 

M + 22z)/2 (a) 

6N + 2y)/22 (b) 

2N - 18z)/8 (e) 

in vihich x, y, z, N and Ivi are integral values. Eelow 

are listed the values of y and z derived from equations 

*M is always an even integer except in the case of odd 
molecule . 
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(a), (b), and (e). 

Value of x Corresponding value of z Corresponding 

_______ _________________________ value of y 

1 2. b 

8 2.22 4 
15 4.23 10 

It is evident that the formula can be none other 

than 

In certain cases where molecular weight is large or 

where considerable error is made in the determination of 

either E or percent carbon, several possible solutions 

may be obtained. Even under these rather adverse con- 

ditions it is still possible to determine the correct 

formula. In such cases airferences in chemical behavior 

the determination of molecular or equivalent weights are 

a direct aid In determining the correct solution. 

With the per cent carbon and "oxygen consumed" data 

lt Is also possible to ascertain the nature of the errors 

made during a determination (such as Incorrect weights, 

wet or partislly dehydrated samples, Incomplete combustion) 

merely from the nature of carbon to oxygen ratios which 

are obtained. 

Other Applications. 

On many occasions it is only necessary to determine 

the per cent carbon to serve as a check on the purity of 
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a preparation. For such purposes this method is especial- 

ly adaptable, particularly on the micro scale. Further- 

more, certain compounds which are not completely oxidized 

at 2000 C. can be successfully treated at a higher temp- 

erature. In such cases oxygen equivalent data may be 

obtained by the dichror!Iate method. 

Limitations. 

The only limitation to this method is the use of 

lodic acid as an oxidizing sgent. Not all compounds are 

completely oxidized by this reagent at 200° C. The lit- 

erature, however, reveals that a great many compounds can 

be successfully oxidized by iodic acid under conditions 

here specified. 

In the case of compounds with high molecular weights, 

the determination of the molecular formula has the same 

limitations in accuracy as do the traditional combustion 

methods. 

The question of compounds containing nitrogen, sul- 

fur and halogens has not as yet been investigated in this 

laboratory. However, both Strebinger, Stanek and Nemes 

have successfully oxidized a number of such compounds 

with iodle acid. It Is the opinion of the author that 

the presence of nitrogen, halogen, or sulfur in an organ- 

le compound which can be completely oxidized should offer 
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no complications to the method here described. 

'Then one considers (1) the simple apparatus, (2) 

adaptability of the procedure to intermittant operation, 

(3) the amount of information derived from a single an- 

alysis, and (4) rapidity of analysis (less than two 

hours), it is evident that this method o fers at least 

a partial solution to an important organic technique. 
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