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Coulometric catalytic thermometric titration of the total free acid (HCOOH) in formal- 
dehyde of various manufacturers was successfully performed. The indicator reaction was the 
exothermic polymerization of formaldehyde in the presence of ethanol, catalyzed by strong 
base. In the titrations, a cathodically polarized platinum generator electrode was employed. 
The content of free acid in various formaldehyde samples ranged between 0.018 and 
0.044 %, and was determined with a standard deviation less than 1.5%. Good agreement 
was obtained with the results of coulometric photometric and volumetric titrations. 

Apart from methanol, which serves for stabil ization, aqueous solutions of formal- 
dehyde contain minor amounts of formic acid. The latter must often be determined as 

accurately and simply as possible. As concerns the t i t r imetr ic  methods, this determina- 
t ion has previously been performed using standard solutions of strong bases wi th 
visual [1 -3 ,5 ] ,  potent iometr ic [1,4,5] and catalytic thermometr ic [5] end-point 
determination. 

In catalytic thermometr ic t i t r imetry the methods are based on t i t rat ion of systems 
in which the first excess of the t i t rat ing reagent catalyzes, directly or indirectly, a side 
(,, indicator") reaction, the heat effect of this being the basis for the t i t rat ion end-point 
determination. The catalytic action of strong bases in aqueous solutions of formal- 
dehyde leads to polymerizat ion, which results in the format ion of a mixture of 
0xyaldehyde and oxyketon [6]. In the presence of alcohol (e.g. methanol, ethanol, 
etc.) these reactions are accompanied by an exothermic effect, which we have 
successfully applied for end-point detection in the volumetr ic t i t rat ion of acids [5]. 
A small excess of the t i t rant after neutral ization of  the free acid causes a large and 
easily measurable temperature change, so that the developed method has proved to be 
very sensitive. 

In this paper we describe a coulometric method for estimation of the total free 
acid in aqueous formaldehyde, using catalytic thermometr ic end-point determination. 

Experimental 

Chemicals and solut ions 

The total content of free acids (expressed as HCOOH) was tested in aqueous 
formaldehyde (35%)of  various manufacturers: HINS-Novi Sad, Kemika-Zagreb, Merck- 

Darmstadt, Alkaloid-Skopje. 
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A 0.1 mol.dm -3  sodium perchlorate solution in ethanol served as the supporting 
electrolyte. 

In photometric determinations 0.2% thymol blue in ethanol was used as the 
indicator. The t i trant was 1.10 -2  mol.dm -3  potassium hydroxide in ethanol, i t  was 
prepared in the usual way and standardized by t i tration against benzoic acid with 
potentiometric end-point determination. 

95% ethanol was used as the solvent, wi thout  prior purification. 

Apparatus 

Apparatus for coulometric catalytic thermometric titrations, consisting of a 
generator and thermometric circuit, was set up in the usual way [7,8]. 

A cathodically polarized platinum generator electrode was used in the titrations, 

with a generator current intensity of 2.50-2.70 mA. 
The temperature of the solution investigated by catalytic thermometric t i tration 

was measured with a K6bdnyai Porceldngydr 4TH4 thermi.,;tor, which was connected to 

the recorder through a Wheatston bridge. 
The course of coulometric t i tration was followed by photometry for comparison. 
In volumetric determinations continuous addition of the titrating reagent was 

achieved with a2.5 cm 3 Radiometer ABU 12 piston burett. The rate of addition of the 
reagent was 0.143 cm 3.min -~ . In potentiometric titrations a glass electrode was used 
as the indicator electrode, coupled to a saturated calomel electrode. The potential 
changes were followed with a Radiometer phM 26 pH-meter, which was connected to 
a Servogor 2S RE 571 (Goerz) recorder through a suitable RC circuit. 

Procedure 

The total content of free acid (HCOOH) in formaldehyde was determined by 
catalytic thermometric t i tration in the fol lowing way: 3 - 5  g formaldehyde was 
measured into the cathodic compartment of an H-type coulometric cell and 4.5 cm 3 
supporting electrolyte solution was added. The latter was also simultaneously poured 
into the anodic compartment in order to keep the same level of solution in both 
compartments. The thermistor was immersed into the investigated formaldehyde 
solution, and both cathodic and anodic compartments were closed with rubber 
stoppers. The titration was initiated, with the simultaneous connection of the gener- 
ator circuit and starting of the pen of the recorder. 

Blank titrations were performed on identical amounts of formaldehyde to which 
various volumes (4.50 and 9.00 cm 3) of the supporting electrolyte had been added. 
The difference of these results was the blank value by which the results of titrations 

were corrected. 
In photometric titrations the procedure was identical as above. Since the measure- 

ments had to be performed in a larger coulometric t itration cell, i t  was necessary to 
add a larger volume of the supporting electrolyte (13.0 cm 3) and 4 drops of 0.2% 
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ethanolic solution of thymol blue indicator. (The colour change was from yellow to 
bluish-green.) 

The procedure in columetric determinations was different only in the mode of 
addition of the t i tration reagent, 

Discussion 

Typical t i tration curves of the total free acid in formaldehyde are given in Fig. 1. 
The end-point was determined from the intersection of extrapolated straight seg- 

ments of the curve before and after the equivalence point, 
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Figure 1 Coulometric titration curves of free acid (NCOOH) in 3,2 g formaldehyde (Alkaloid- 
Skopje) with photometric (1) and catalytic thermometric ~2~ end-point determination. 
Supporting electrolyte: sodium perchlorate, 0.1 tool dm -3, generator current intensity 
2.70 mA 

The results of titrations were compared with those of volumetric titrations wi th 
derivative potentiometric or catalytic thermometric end-point determination. Some of 
the results are given in Table 1. The coulometric t i tration data are in agreement wi th 
those of volumetric titratJons. Hence, this method appears to be of practical interest 
since it can be successfully applied for the rapid determination of the total free acid 
(HCOOH/in aqueous formaldehyde. 
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Table 1 Results of coulometric and volumetric t i trations of free acid (HCOOH) in formaldehyde of  
varL3us manufacturers (averages of 6 runs) 

Coulometric t i trat ion Volumetric t i trat ion 

Origin of Catalytic thermometric Photometric Catalytic thermometric Potentiometric formaldehyde 

a s a s a s a s 

HINS-Novi 
Sad 0.018 0.2 0.018 0.1 0.018 0.2 0.017 0.7 

Kemika-Zag- 

reb 0.019 1.4 0.019 1.4 0.019 0.7 0.019 0.2 

Merck-Darm- 
stadt 0.036 1.4 0.035 0.9 0.035 0.3 0.034 0.7 

Alkaloid- 
Skopje 0.044 1.5 0.043 0.2 0.043 0.3 0.042 0.7 

a - found, % 
s - standard deviation, % 

Gra te fu l  thanks  are due to  the V o j v o d i n a  SIZ f o r  Research, f o r  par t ia l  f inanc ia l  

suppo r t  o f  th is w o r k .  
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Zusammenfassung - Die coulometrische katalytisch-thermometrische Titrat ion der Summe der 
freien S~iuren (HCOOH) in Formaldehyd verschiedener Produzenten wurde erfolgreich ausgef~hrt. 
AIs tndikatorreaktion wurde die exotherme Polymerisation des Formaldehyds in Gegenwart von 
Athanol herangezogen, die durch starke Basen katalysiert wird. Zur Titrat ion wurde die kathedisch 
polarisierte Platingeneratorelektrode verwendet. Der Gehalt an freien S~iuren der verschiedenen 
Formaldehydproben lag zwischen 0.018 und 0.044% und konnte mit einer Standardabweichung 
yon weniger als 1.5 % bestimmt werden. Es ergab sich eine gute 0bereinstimmung mit den Er- 
gebnissen von coulometrischen, photometrischen und volumetrischen Titrationen. 
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Pe310Me-- YcneLuHO npoBe/~eHo KyttOHOMeTpHqecKoe KaTaJ1HTH=IeCKoe TepMOMeTpH4eCKoe 
THTpOBaHHe 06u4ero KOI1HNeCTBa CBO~OAHbIX KHCI1OT B (:l:)OpMaJlbAel'HAe, BblnycKaeMorO pa3- 
EIHNHblMH 3aBO/3,aMH. HH/IHKaTOpHO peaKu, He~ ~blrla 3K3OTepMHqeCKaR peaKU, HR nO/1HMepH3aU, HH 
~OpMaJlbAerHAa B Flpl4CyTCTBHH 3TaHona H KaTanH3HpyeMaR CHRbHblMH OCHOBaHHRMH. np. TVIT- 
pOBSHPlH ~blJ3 HCFIOTI~3OBaH KaTOAHO-rlORRpH38L{HOHHbI~f FIBSTHHOBbf~4 3,'leKTpO~1. Co~lep~<aHHe 
CBO~OAHblX KHCJ'IOT B pa3flHqHblX o6pa3LLax dpopManb/lerH/la H3MeHRnOC5 Me>KAy 0.018 H 0.044%, 
qTO 6blTIO onpe/~eneHo co CTaH/lapTHblM OTKnOHeHHeM MeHbuJe HeM 1.5%. ~,aHHble xOpOLUO corna- 
cyIOTCR C pe3yJ'lbTaTTaMH KVJlOHOMeTpHqeCKOFO dDOTOMeTpHqeCKOFO H O~lbeMHOFO THTpOBaHH~t. 
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