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ANALYSIS OF ~-GLYCOLIC COMPOUNDS USING THE POTENTIOMETRIC 

DIFFERENTIATED TITRATION OF PERIODATE AND FORMALDEHYDE 

B. A. Spintse and A. Ya. Veveris UDC 543.242.3:547.426.1+547.426.24 

The conditions of the analysis of ~-glycolic compoounds (ethylene glycol, glycerol, 
mannitol, D-glucose, D-ribose, and dihydroxyacetone) using the potentiometric dif- 
ferentiated titration of periodate and formaldehyde have been studied. A procedure 
for quantitative determination is proposed and the possibilities have been shown 
of using it for evaluating the stoichiometry of oxidation and the separate analysis 
of two-component mixtures. The performance of the determinations is distinguished 
by simplicity and adequate reliability. 

In the quantitative analysis of compounds containing m-glycol groupings, use is frequent- 
ly made of oxidation with periodate followed by the determination if its excess or of one 
of the reactions products - iodate, an aldehyde, or formic acid [i-3]. In the study of the 
structure and kinetics of the oxidation of polyhydroxy compounds, in the analysis of mixtures, 
and in other cases the necessity arises for performing parallel determinations both of the 
consumption of periodate and of the amount of formic acid, formaldehyde, and other products 
that have been formed. A combination of two or more methods is not infrequently used for 
these purposes ~4, 5], but the performance of the analyses is then an extremely complicated 
and laborious process. 
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Fig. i. Potentiometric curves of titration in a 
mixture of aqueous sodium tetraborate solution and 
dimethyl sulfoxide with a 0.I N solution of hydroxyl- 
amine hydrochloride of: I) potassium periodate in 
a "blank" experiment; 2-4) mixtures of potassium 
periodate and formaldehyde after the oxidation of 
glycerol (2), of D-glucose (3), and of ethylene 
glycol (4). 

Possibilities for simplifying the separate analysis of mixtures are possessed by methods 
of potentiometric differentiated titration, which Dermit the successive determinations of 
two or more components without their preliminary separation. We have investigated the con- 
ditions for the potentiometric differentiated titration of periodate and formaldehyde [6]. 
To solve the problem posed, we selected the hydroxylamine method, since it is known that hy- 
droxylamine is capable of reacting both with aldehyde and with strong oxidizing agents. 
Potentiometric titration with hydroxylamine has been proposed previously for determining 
potassium and sodium periodates [7] and formaldehyde [8] in alkaline solutions. As our in- 
vestigations have shown, on such titration in media with pHvalues of 11-12 a combined determin- 
ation of the components of a mixture of periodate and formaldehyde is observed. In aqueous 
solutions with lower pH values (for example, in buffer solutions of sodium acetate, carbonate, 
or tetraborate) only the periodate titrates, and there is no potential jump on the curve of 
the potentiometric titration of formaldehyde. It has been established experimentally that 
the optimum medium for the successive titration of periodate and formaldehyde is a mixture 
of an aqueous tetraborate solution with a protophilic organic solvent - dimethyl sulfoxide 
(DMSO). 

For the selective determination of formaldehyde in the presence of periodate a mixture 
of a saturated aqueous solution of sodium tetraborate with DMSO in a volume ratio of I:i has 
been used [9]. It is true, as quantitative determinations show, that on titration in this 
medium low results of the analyses for the periodate content are obtained, which is explained 
by the partial precipitation of the latter under the influence of the organic solvent. For 
this reason, DMSO must be added to the solution being analyzed gradually as the periodate 
is reduced. For this purpose it is recommended to use as titrant a standard solution of 
hydroxylamine hydrochloride in DMSO [I0]. Since the organic solvent is necessary for creat- 
ing the medium for the titration of formaldehyde, the required amount of DMSO may also be 
introduced after the periodate has been titrated (i.e., after the first potential jump on 
the curve). 

In the present investigation we have shown the possibilities of analyzing a number of 
glycolic compounds by using the potentiometric differentiated titration of periodate and for- 
maldehyde. A feature of the performance of the determinations is the necessity for perform- 
ing a "blank" experiment. For this, a solution of periodate prepared as in the analysis of 
the ~-glycolic compounds but without the sample substance being determined is determined 
potentiometrically. On the titration curve (Fig. i, curve i) a well-defined potential jump 
appears that corresponds to the complete reduction of the periodate by the hydroxylamine 
(Vx) with a strict observance of a i:I stoichiometric molar ratio. When the compounds being 
analyzed are treated with an excess (in relation to the weight of the sample but taking the 
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TABLE i. Results of the Quantitative Determination of Some 
a-Glycolic Compounds (at n = 7, ~ = 0.95). 

Substance 
analyzed I l Found from periodate 

~vIo4"Vc~o mg mg tive +s r : Bt/~H~O 

error, -- 
~o 

t. F;~nd from for- maldehyde 

I rga  - [ t i r e  
[ error, ±st 
I% 

Ethylene glycol 
Glycerol 
Mannitol 
D-glucose 
D-ribose 
Dihydroxy- 
acetone 

1 : 2  
2 : 2  
5:2 
6:1 
4,1 
I:1 

O. 51 
1.02 
2.53 
4,!ff 
3.95 
i ,01 

41 2 40.5[--0,7 
31 ~ 131,~ I ~,3 

2O. 4 420, II - 1,5 
24.2 /23,9/ I 2 
 o,o 

0,9 140,8--I,0 
l ,  I 131,21-~ ,3 
0,6 /:~r.6f+l.4 
0,9 /2o ~/+l,o 
0,6 124,4l+0.8 
o.8 /66. :al -o .s  

0,6 
0.8 
1,0 
1,6 
1,4 
0.7 

stoichiometry of oxidation into account) of periodate, mixtures of them with formaldehyde 
are formed which titrate with two potential jumps on the curves (Fig. i, curves 2-4). The 
first of them corresponds to the titration of the excess of periodate (VIOl), and the second 
to the complete binding of formaldehyde in the oximation reaction of the hydroxylamine 
(VcH20). Thus, the results of the potentiometric differentiated titration permit the deter- 
mination to be made with respect to parameters: from the consumption.of periodate in oxida- 
tion by using the difference in the volumes of the titrant AVIo- = V X - VIO ~, and also from 
the direct titration of the formaldehyde liberated VCH O" Table 1 gives the results of 
quantitative determinations of ~-~lycolic compounds. ~t can be seen that the results cal- 
culated with the aid of AVIo ] and VCH20 agree fairly well with one another. The relative 
standard deviation in the analysis with respect to the consumption of periodate does not 
exceed ±1.1% and with respect to the titration of formaldehyde it amounts to ±1.6%. 

It is known that the stoichiometry of the oxidation of ~-glycolic compounds under other- 
wise identical conditions depends on their structure and the number of hydroxy groups in 
the molecule [5]. When constant conditions of oxidation are observed, the stoichiometry of 
the reaction and the purity of the substance under investigation can be judged by comparing 
the quantitative results of the determination of the consumption of periodate and the amounts 
of products formed. As such a criterion it is possible to use, for example, the ratio of 
the number of molecules of periodate reduced (nIO]) and the number of molecules of formal- 
dehyde liberated (nCH20) in the oxidation of a single molecule of an ~-glycolic compound. 
We hve established that for these purposes it is also possible to use the results of poten- 
tiometric differentiated titration. It can be seen from Table i that the ratios of the 
volumes of titrant AVIO]/VCH20 agree with the ratios nIO]:nCHTO known in the literature. 

Differences in the stoichiometry of oxidation can be judged by comparing the total con- 
sumption of titrant in the analysis and in the "blank" experiment. For example, in the de- 
termination of glycerol (see Fig. i, curve 2) the equality V X = VIO- + VCH O is observed, 

2 

which corresponds to the equality nio ~ =nCH O" At nio ] > nCHoO the volumes of titrant con- 
sumed become unequal V X > VIO- + VCH O (in t~e analysis of manfiitol, ribose, and glucose; 

2 . . 

Fig. i, curve 3). Where nio- < nCH O (in the oxldatlon of ethylene glycol; Fzg. i, curve 4), 
2 

again an inequality is observed, but here V X < VIO ~ + VCH20. 

Potentiometric differentiated titration permits a simplification of the performance of the 
separate analysis of two-component mixtures of ~-glycolic compounds differing in the stoi- 
chiometry of their oxidation by periodate. Table 2 gives an examples the results of analyses 
of mixtures of glycerol with glycol at various ratios of the components. The figures pre- 
sented indicate an adequate reliability of the determinations. 

EXPERIMENTAL 

For the potentiometric titration we used a Radiometer apparatus consisting of a pHM-26 
pH-meter, a ABU-12 automatic burette, a TTT-11 titrator, a SBR-2C recorder, and a platinum- 
calomel pair of electrodes. The platinum electrode (P 101) was immersed before use in a hot 
solution of concentrated nitric adid for 10-15 min, and was washed with water immediately 
before the titration. A similar tretment of the indicator electrode was repeated after evey 
4-5 titrations. 
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TABLE 2. Results of the Quantitative Determination of Ethyl- 
ene Glycol and Glycerol in Mixtures (at n = 5, ~ = 0.95). 

Ethylene $1ycol __+ Glycerol 
found taken found taken 

mg ~'++ 

306 71,2 
20,3 52 3 
10,5 29,1 
5,3 14,8 

mg 

30.2 
20.0 
10 6 
5,7 

70,4 
51.5 
29.5 
15,9 

=-S r 

08 
0,9 
I,I 
1.8 

Itm+ 
12,4 
18,5 
25,6 
30,4 

:23,8 
47.7 
70.9 
85.2 

mg ~ 

12,7 29.6 
18,8 48 5 
25,3 70,~ 
30,2 84,1 

±~r 

1,4 
1,1 
1,3 
12 

The titrant was prepared by dissolving approximately 7-8 g of hydroxylamine hydrochlor- 
ide (ch.d.a. ["pure for analysis"]) in one liter of DMSO (kh.ch. ["chemically pure"] grade). 
The titrant was standardized by the titration of accurately weighed samples of potassium hexa- 
cyanoferrate. 

For the analyses samples of a-glycolic compounds weighing 20-60 mg were taken, and these 
were then treated with 15.0 ml of a 0.i M aqueous solution of potassium periodate. The ves- 
sels with the solutions being analyzed were closed with stoppers and kept at room tempera- 
ture in a dark place for the time necessary for the complete oxidation of the substance. 
The time necessary for the complete oxidation of each substance was determined beforehand 
by methods known in the literature [1-3]. In no case did the time of keeping the solutions 
exceed 90 min. Then the solutions being analyzed were diluted with i0 ml of distilled water 
and ~i g of crystalline sodium tetrborate (kh.ch. grade) was added to each of them. They 
were then stirred for I-2 min and subjected to potentiometric titration with a 0.i N standard 
solution of hydroxylamine hydrochloride in DMSO until two potential jumps had appeared on 
the curves. 

In the analysis of the ribose, mannitol, and glucose, after the first potential jump 
titration was stopped and i0 ml of DMSO was added to the solution being analyzed, after which 
titration was continued until the end jump. A "blank" experiment was carried out in par- 
allel - a solution was prepared and titrated without the addition of the a-glycolic compound. 
From the potentiometric titration curve the equivalence points and the volumes of titrant 
for the performance of the calculations - VX, VIO-, and VCU O - were determined graphically 

U ~ 2 . . 

(see Fig. i). The time of performing a determination and a blank experlment (taklng the 
time of oxidation into account) amounts to 25-30 min. 

SUMMARY 

A procedure is proposed for the quantitative determination of ~-glycolic compounds that 
is based on potentiometric differentiated titration of periodateandformaldehydewithhydroxyl- 
amine. The possibilities of using potentiometric titration for evaluating the stoichiometry 
of oxidation and for the separate analysis of two-component mixtures has been shown. The 
performance of the determinations is distinguished by simplicty and adequate relibility. 
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