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ABSTRACT 

The influence of the acidity of the solution on the properties of salts of polyhexamethylene guanidine was studied 

by the UV-spectroscopic method in this work. The studied guanidine compounds cannot participate in chemical reactions 

in an equivalent ratio due to the complex structure of the molecule under certain conditions. Therefore, the influence of the 

solution acidity and type of destruction on the properties of hexamethylenediamine salts, which are the products of 

chemical destruction of polyhexamethylene guanidine salts, was studied. The possibility of a reaction between the organic 

cations of the studied guanidine compounds and the anions of the 12-molybdophosphate heteropoly acid of the Keggin 

structure was investigated and the nature of the bond in the obtained compounds was determined. The composition of the 

complexes and the ratio of components in the reactions of polyhexamethylene guanidine, hexamethylene diamine and 12-

molybdophosphate heteropoly acid were determined by the saturation method. The results of these studies can be used to 

develop methods for the determination of salts of polyhexamethylene guanidine and hexamethylenediamine in various 

industrial facilities using the ionometric method using potentiometric sensors sensitive to polyhexamethylene guanidine 

and hexamethylene diamine. 

 
Keywords: hexamethylene diamine, heteropolyanion, 12-molybdophosphate heteropolyacid, polyhexamethylene guanidine, 
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1. INTRODUCTION 

Polyhexamethylene guanidine salts are high 

molecular weight surfactants of the cationic type. A 

comparative analysis of chemical compounds of various 

groups (chlorine-containing, peroxide, aldehydes, ketones, 

phenols, quaternary ammonium compounds, and 

surfactants) showed that the surfactants (cationic and 

ampholytic) are the most promising disinfectants. The 

advantages of cationic surfactant-based products are 

stability, safety and low toxicity. 

The presence of polar guanidine groups in the 

molecule gives high antimicrobial efficacy to the salts of 

polyhexamethylene guanidine, and non-polar polyethylene 

units promote the adsorption of molecules on cell 

membranes. Polyhexamethylene guanidine salts are 

widely used as biocidal substances for various purposes: 

purification of drinking water, wastewater, swimming pool 

water, a component of medicines and cosmetics, industrial 

materials with prolonged antiseptic properties [1-8]. 

At the same time, polyhexamethylene guanidine 

salts are normally biodegradable substances. There are 

enzyme systems in a living organism that can cause their 

degradation, preventing the accumulation of the drug. 

When released into natural water bodies, these substances 

are able to be effectively sorbed by various components of 

water pollution with an anionic nature (colloidal particles, 

oil products, anionic surfactants, dye molecules). Salts of 

polyhexamethylene guanidine pass into the bottom layer, 

where, under the action of activated sludge, their 

biodegradation processes are significantly accelerated [9]. 

The general formula of salts of 

polyhexamethylene guanidine (PHMG) is presented in 

Figure-1. 
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Figure-1. Polyhexamethylene guanidine salts 

structural formula. 

 

Ratio m/n = 1 - 2, m = 10 - 100 monomer units.  

The molecules of polyhexamethylene guanidine 

salts can take both expanded and folded conformation in 

the form of micro clubs in solutions due to the large mass 

and length of the polymer chains, depending on various 

conditions [10]. Moreover, not all reaction centers of 

guanidine groups can take part in intermolecular 

interactions, therefore, in addition to solutions of 

polyhexamethylene guanidine salts, solutions of its 

degradation products (hexamethylenediamine salts) were 

also investigated. Hexamethylene diamine salts are formed 
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during the destruction of polyhexamethylene guanidine 

salts when boiling alkaline or acid solutions [1]. 

The spectrophotometric methods are most often 

used to determine the content of various salts of 

polyhexamethylene guanidine [11-16]. Electrochemical 

(amperometric titration [17], inverse voltammetry [18], 

capillary electrophoresis [19]), titrimetric [20] and 

fluorimetric methods [21] are also used to determine these 

compounds in various industrial facilities. Ionometric 

methods using sensors sensitive to polyhexamethylene 

guanidine cations (PHMG) and its destruction product 

(hexamethylene diamine) can be an alternative solution. 

The anion of 12-molybdophosphate heteropoly acid was 

chosen as the counterion for the possible formation of 

ionic associates since previous researches showed the high 

reactivity of the Keggin heteropolyanions with respect to 

nitrogen-containing organic substances with the formation 

of compounds with the ion-associative nature of the bonds 

between the organic cation and heteropolyanion [22-32]. 

The influence of the acidity of the solutions on 

the properties of polyhexamethylene guanidine salts and 

the interaction reactions of polyhexamethylene guanidine 

and hexamethylene diamine with the heteropolyanion of 

12-molybdophosphate acid was researched 

spectrophotometrically in the UV spectral area (200-330 

nm). Distilled water was used as a solvent and a 

comparison solution. 

2. MATERIALS AND DEVICES 
Spectrophotometric studies carried out with the 

spectrophotometer SF-46 (UV- spectra). 

The following reagents are used in the work: 

 

-  12-molybdophosphate acid, Н3PMo12O40х26Н2O 

(analytically pure); 

- polyhexamethylene guanidine phosphate 

C252N108H594O72 (pure grade); 

-  sodium hydroxide (analytically pure); 

-  chloride acid (conc.) (analytically pure). 

 

3. EXPERIMENTAL PART 
The UV spectra of aqueous solutions of 

polyhexamethylene guanidine salts are characterized by 

two absorption bands (Figure-2): 

 

-  a medium-intensity band with an absorption 

maximum at 210 - 220 nm corresponds to the 

chromophore group - NH2 and the band appears 

due to the presence of a free pair of electrons in 

the Nitrogen atom (n → σ * transition); 
-  a low-intensity band in the range 260 - 270 nm 

corresponds to the presence of the C = N group in 

the molecule due to π → π * і n → π * 
transitions. 

 

 
 

Figure-2. UV absorption spectrum of PHMG at рН = 3.0 (1), рН = 5.0 (2), 

рН = 7.0 (3), рН = 9.0 (4). 

 

The aqueous solutions of PHMG salts should 

have absorption maxima at 210-220 nm and 268 nm 

according to published data [1]. The spectral characteristic 

at pH = 9.0 has the greatest correspondence with the 

published data. The absorption bands of other solutions are 

shifted due to changes in the acidity of the medium 

(Table-1). 
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Table-1. The spectral characteristics of polyhexamethyleneguanidine depending on pH. 
 

рН of the solution wavelength, nm Εexp., l·mol
-1

·cm
-1

 

3.0 
210 136400 

265 9200 

5.0 
210 128800 

265 7700 

7.0 
210 167800 

270 10400 

9.0 
215 218200 

270 39800 

 

The influence of pH during destruction on the 

properties of the obtained solutions of 

hexamethylenediamine salts was also investigated (Figure-

3). Since ionic associates with a 12-molybdophosphate 

heteropolyacid cannot be obtained in strongly alkaline 

solutions due to the destruction of the heteropolyacid 

anion and the formation of a molybdenum oxide 

precipitate, a solution obtained by alkaline degradation 

followed by adjusting the acidity to pH = 2.0 was also 

investigated. 

 

 
 

Figure-3. UV absorption spectrum of HMDA depending on the obtaining conditions: 

 destruction at pH = 2 (1) and рН = 12 (2), destruction at pH = 12 with 

adjustment to pH = 2 (3). 

 

The UV spectra of aqueous solutions of 

hexamethylenediamine salts, regardless of the type of 

destruction, are characterized by a medium-intensity 

absorption band with an absorption maximum at 212-216 

nm, which corresponds to the - NH2 chromophore group 

and the n → σ * transition in the Nitrogen atom (Table-2). 

The highest intensity of this band is observed for 

hexamethylenediamine obtained by the method of acid 

destruction, as well as alkaline destruction with further 

conversion of pH to an acidic medium. 

 

 

 

Table-2. The spectral characteristics of 

hexamethylenediamine. 
 

Тype of 
destruction 

wavelength, 

nm 
Εexp., l·mol

-1
·cm

-1
 

рН 2 216 2960 

рН 12 214 1870 

рН 12 - рН 2 212 3570 

 

Figures 4-6 show the absorption spectra of 

polyhexamethylene guanidine salts, 

hexamethylenediamine, 12-molybdophosphate 

heteropolyacids, and its ionic associates. 
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Figure-4. The UV absorption spectrum of the MPhA(1), PHMG (2), associate 

PHMG-MphA (3). 

 

The spectra of 12-molybdophosphate heteropoly 

acid are characterized by three absorption bands: 

 

-  the intense absorption band with a maximum at 

215 nm corresponds to the presence of O = Me 

groups and appears due to electron transfer from 

orbitals localized on Oxygen atoms to the metal 

atom of the final bonds [22]; 

-  a medium-intensity band with an absorption 

maximum at 235 nm and a weak-intensity band at 

320 nm correspond to charge transfers along O - 

Me - O bridges. 

 

 
 

Figure-5. The UV absorption spectrum of the MPhA (1), HMDA(2) 

(acid destruction PHMG), associate HMDA-MPhA (3). 
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Figure-6. The UV absorption spectrum of the MPhA (1), HMDA (2) 

(alkaline destruction PHMG), associate HMDA-MPhA (3). 

 

Table-3 shows the spectral characteristics of the 

organic cations of polyhexamethylene guanidine, 

hexamethylene diamine, the anion of 12-

molybdophosphane heteropoly acid and the products of its 

interaction. 

 

Table-3. Spectral characteristics of the studied substances. 
 

Substance wavelength, nm Εexp., l·mol
-1

·cm
-1

 

Н3РМо12О40 

215 60000 

235(shoulder) 34000 

320 12000 

PHMG 
215 218200 

270 39800 

(PHMG)x(РМо12О40)y 

215 170000 

235(shoulder) 103000 

268 34000 

320 4000 

HMDA 216 96000 

(HMDA)x(РМо12О40)y 

215 122000 

235(shoulder) 94000 

320 16000 

 

The interaction of guanidine compounds with a 

12-molybdophosphate heteropoly acid results in a 

significant increase in absorption which can be used in the 

development of spectrophotometric methods for 

determining the studied guanidine compounds in industrial 

facilities. 

The spectral characteristics of the interaction 

products contain absorption bands that are characteristic of 

both the studied guanidine compounds and the heteropoly 

acid, which indicates the immutability of the chromophore 

system during the reaction, which confirms the formation 

of compounds with the ionic bond. 
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The ratio of the components and the composition 

of the formed ionic associates of polyhexamethylene 

guanidine and hexamethylene diamine with a 12-

molybdophosphate heteropoly acid were determined 

spectrophotometrically by the saturation method. The 

aqueous solutions of the researched guanidine compounds 

were saturated with an aqueous solution of heteropolyacid 

and the absorption of the resulting solutions was 

measured. (Figures 7, 8).  

 

 
 

Figure-7. Saturation curve of PHMG with MphA. 

 

According to the results of photometric 

determination of polyhexamethylene guanidine (Figure-7), 

it was found the ratio is [PHMG
+
] : [РМо12О40

3-
] = 3 : 1. It 

means that the interaction of polyhexamethylene 

guanidine with a 12-molybdophosphate heteropoly acid 

forms an ionic associate of the composition 

(PHMG)3РМо12О40. 

 

 
 

Figure-8. Saturation curve of the HMDAwith MphA. 

 

It was found, the ratio of components in complex 

with 12-molybdophosphate acid is 3: 2, that is, an ionic 

associate of composition is (HMDA)3(РМо12О40)2, 
according to the results of the photometric determination 

of hexamethylenediamine (Figure-8).  

4. CONCLUSIONS 

a) The influence of the solution acidity on the properties 

of polyhexamethylene guanidine salts was researched 

using UV spectroscopy. 

b) The influence of degradation conditions of 

polyhexamethylene guanidine salts on the properties 

of the formed hexamethylene diamine salts was 

investigated. 

c) The reactions of the interaction of organic cations of 

polyhexamethylene guanidine and 

hexamethylenediamine with a 12-molybdophosphate 

heteropoly acid were studied. The ion-associative 

nature of the interaction of reacting compounds was 

confirmed. 

d) The ratio of the components and the composition of 

the formed associates during the interaction of the 

organic cations of guanidine compounds with the 

anion of a 12-molybdophosphate heteropoly acid were 

determined spectrophotometrically by the saturation 

method. The ratio of reacting components is 3:1in the 

interaction of polyhexamethylene guanidine with 

MPA, i.e., a compound with (PHMG)3PMo12O40 

composition is formed. The ratio of reacting 

components in the reaction is 3:2 for 

hexamethylenediamine, i.e., the resulting compound 

has HMDA)3(PMo12O40)2 composition. 
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