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Abstract—A promising nontoxic and environmentally safe detergent consisting of sodium salts of iminodiacetate 
derivatives of fatty acid tri- and diglycerides and acetate derivatives of polymucosaccharides was synthesized, 
and its composition and structure were studied. Fractions consisting of fats, sodium salts of polymucosaccharides, 
and sodium salts of α-amino acids, obtained from liquid base hydrolyzates of protein-containing waste, served as 
feedstock. Polymucosaccharide derivatives coordinate tri- and diglyceride derivatives along the chains via hydrogen 
bonds to form host–guest complexes with the hydrocarbon radicals directed toward diff erent sides. When dissolved, 
the complexes form thread-like particles incorporating biphilic molecules, wetting agents, and complexones.
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Modern detergents are formulated from biphilic mol-
ecules, wetting agents, and complexones [1–3]. Radi-
cals of biphilic molecules are inserted into insoluble 
organic contaminations in such a fashion that the ionic 
groups remain on the surface. Wetting agent molecules 
are noncovalently bonded with the ionic groups, thus 
making the complexones able to decompose mineral 
deposits, favoring fl occulation of the contaminations 
into the aqueous phase. Salts of carboxylic or sulfonic 
acids or quaternary ammonium bases with the hydro-
carbon radicals containing 14 to 22 carbon atoms are 
used as biphilic molecules; soluble polyhydric alcohols 
or polysaccharide derivatives, as wetting agents; and 
salts of nitrilotriacetic or ethylenediaminetetraacetic 
acid, as complexones [4, 5]. Organic contaminations, as 
a rule, contain compounds with metal cations bonded 
to anions of fatty or naphthenic acids, to resins, to por-
phyrins, etc. They stabilize the structure of fl occules, 
complicating their decomposition with the recovery of 

useful products (petroleum, industrial oils, fats, etc.), 
and inhibit biodegradation [6]. The complexones used 
are incapable of insertion into organic contaminations, 
whereas wetting agents in many cases are adsorbed on 
mineral deposits, preventing the access of complexones. 
Therefore, detergents consisting of biphilic molecules 
and wetting agents with complexone groups are of par-
ticular interest. When radicals of biphilic molecules are 
inserted into the phase of organic contaminations, the 
polar groups of the polycomplexones will bind the metal 
ions in the organic phase, and binding with ionic groups 
of biphilic molecules will lead to simultaneous decom-
position of the deposits.

An example of such detergent is a product termed 
polycomplexone. It is a mixture of sodium salts of imi-
nodiacetate derivatives of fatty acid tri- and diglycer-
ides and polymucosaccharides. The polycomplexone 
was obtained from the insoluble fraction isolated from 
liquid base hydrolyzates of protein-containing waste. 
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The synthesis is performed similarly to the synthesis 
of carboxyl-containing complexones from amino acids. 
Polycomplexone-based formulations of technical deter-
gents and household cleaning agents, capable of remov-
ing fat, oil, and petroleum contaminations and mineral 
deposits from surfaces of various materials even at room 
temperature, have been developed [7, 8]. Up to now, the 
composition and structure of the polycomplexone have 
not been determined; therefore, the mechanism of its ac-
tion as a detergent has not been practically substantiated.
This study was aimed at examining the steps of the 
polycomplexone synthesis and at determining its 
composition and structure.

EXPERIMENTAL

We took a sample of the fraction isolated from the 
base hydrolysis product under the action of steam under 
the conditions of limited hydration of waste from fl eshing 
of degreased cattle hide (OOO Tsentr). The fraction 
consisted of sodium salts of α-amino acids (molar 
content Na = 3.39 mol kg–1) from connective tissue 
proteins. According to [9], the polycomplexone contains 
22.6% polymucosaccharides (mainly hyaluronic acid) 
from connective tissue glycoproteins and subcutaneous 
tissue and 36.7% glycerides from connective tissue 
lipoproteins, namely, triglycerides with unsaturated 
radicals of oleic, linolenic, and arachidonic acids and 
diglycerides with saturated radicals of stearic, palmitic, 
and myristic acids. Pure grade HCl and KOH were used. 
The polycomplexone was prepared using the commercial 
installation of OOO Tsentr [10]. X-ray fl uorescence 
analysis was performed with an ARL Perform’X 
X-ray fl uorescence wave spectrometer (Thermo Fisher 
Scientifi c, New Wave). The nitrogen content was 
determined by the Kjeldahl method involving wet ashing 
of organic substances in the sample with sulfuric acid 
on heating. The iodine number of fats was determined 
by the Hanus method based on using iodine bromide, 
which undergoes quantitative addition to multiple 
bonds. The Cl– content was determined by the Fajans 
argentometric method based on direct titration with a 
standard AgNO3 solution using adsorption indicators. 
The sodium content was determined by the fl ame 
photometric method with the injection of the solution 
sample in the atomized form into a fl ame (FPA-1 fl ame 
photometric analyzer). The dissociation constant of 
the acid was determined by potentiometric titration. 
The mean molecular mass of the fats was determined 

viscometrically with an Ubbelohde viscometer using 
dichloroethane as a solvent and glycerol tristearate as a 
reference. The photomicrograph was taken with a Motic 
DM-BA 300 microscope. The IR spectrum was taken 
with a Perkin Elmer 2000 Fourier IR spectrometer.

The sample composition was studied by matrix-
assisted laser desorption/ionization mass spectrometry 
with a Bruker autofl ex speed TOF/TOF device equipped 
with a solid-state laser (λ = 355 nm) in the linear mode 
with recording positive ions in the ranges 200–1500 
and 500–5000 Da. 2,5-Dihydroxybenzoic acid was 
used as a matrix; it was dissolved in methylene chloride 
(30 mg mL–1). Solutions of the matrix and analytes 
(2 mg mL–1 in toluene) were applied in succession in 
the order matrix–analyte–matrix after drying of the 
previous layer. The data were processed using Bruker 
Compass 1.4 program package.

The polycomplexone was synthesized in several 
steps. In the fi rst step, the waste from fl eshing of 
degreased cattle hide was treated with steam with the 
addition of formaldehyde. After the reaction with 
formaldehyde was complete, treatment of the mixture 
with steam was continued to remove the unchanged 
formaldehyde. The weight fraction of the steam-distilled 
substances was 49.3%, their mean molecular mass was 
~1184 g mol–1, Niod = 0, NА = 1.44 mol kg–1 in terms of 
the dry substance. 

In the second step, sodium monochloroacetate was 
added to the product, and the mixture was kept at room 
temperature for 3 days, after which the solid product 
(polycomplexone) was separated from the solution. The 
total content of Cl– ions in the reaction mixture was 
84.5 mol, and the content of iminodiacetic acid anions 
was 6.8 mol.

RESULTS AND DISCUSSION

The polycomplexone is a yellow-gray pasty mass 
(Tables 1, 2). The polycomplexone was separated into 
components by isolation from reaction mixtures at pH 
of the isoelectric point. Concentrated HCl was added 
at room temperature with continuous vigorous stirring 
to the polycomplexone to рН 4. The sample separated 
into two fractions: a fat-like gray mass (I) and a yellow-
brown liquid, which was evaporated to obtain a loose 
powder (II). 

When studying fraction I, we proceeded from 
the fact that it is a mixture of products formed by 
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successive transformations of tri- and diglycerides. A 
decrease in Niod to zero in the fi rst step indicates that 
the amino acid salt radical underwent addition to the 
double bond with the participation of formaldehyde, 
with the incorporation of OH group and sodium amino 
acid radical (via –СН2– group) into the chain. The 
mean molecular mass of the amino acid sodium salt is 
about 120 g mol–1. The mean composition corresponds 
to the formula С3.8H11O2.2N1.2Na. The molecular 
mass of the product increased to 1184 g mol–1 (by the 
value close to the molecular mass of the amino acid 
radical), suggesting the occurrence of the addition. One 
more radical of the amino acid salts is incorporated 

probably via the Mannich reaction involving the labile 
hydrogen atom of the СН group of the glyceride radical. 
In the second step, all the sodium amino acid groups 
transformed into sodium iminodiacetate groups. Hence, 
the obtained fraction I is a mixture of triglyceride 
derivatives with the radicals consisting of 18 and 
20 carbon atoms and several sodium iminodiacetate 
groups, and also of tri- and diglyceride derivatives with 
the radicals consisting of 18, 16, and 14 carbon atoms 
and one sodium iminodiacetate group. The synthesis 
scheme is shown in Fig. 1. 

The elemental composition of fraction I (Table 1) 
was determined by X-ray fl uorescence analysis, and the 

Table 1. Elemental composition of the polycomplexone and fractions obtained from it

Element Polycomplexone
Content, %

fraction I isolated from polycomplexone fraction II isolated from 
polycomplexone

C 33.5 60.2 33.5
H 9.4 11.5 9.4
N 2.0 2.8 5.0
Na 5.7 3.8 9.8
Cl – – 15.3

Table 2. Physicochemical characteristics of the polycomplexone

Parameter Value

Melting temperature interval, °C 88–92
Dehydration temperature interval, °C 120–130
pH of aqueous extract 7
Interaction with polar solvents Insoluble
Interaction with nonpolar solvents Formation of a stable colloidal system

Fig. 1. Scheme of the synthesis of sodium imidodiacetate derivatives of tri- and diglyceride compounds.
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composition of structural fragments of the components, 
by MALDI TOF mass spectrometry (Fig. 2) [11]. In 
interpretation of the spectrum, the mean composition of 
the sodium iminodiacetate radical was С6.8H14O4.2N1.2 
with the molecular mass of approximately 185. Peaks 
at m/z 1650–1620 and 1400–1320 belong to triglyceride 
derivatives with linolenic and arachidonic acid radicals 
and three or four iminodiacetate groups; the peaks at m/z 
about 1232, to triglyceride derivatives with oleic acid 
radicals and two iminodiacetate groups; the peaks at m/z 
about 1096, 1060, and 967, to diglyceride derivatives 
with stearic, palmitic, and myristic acid radicals and 

one iminodiacetate group; and the peaks at m/z about 
816, 792, and 760, to diglyceride derivatives with 
stearic, palmitic, and myristic acid radicals and one 
iminodiacetate groups. A group of peaks at m/z 590–510 
belongs to degradation products formed by cleavage of 
bonds in ester groups in tri- and diglyceride derivatives 
of stearic, palmitic, and myristic acids with one 
iminodiacetate group. These data refl ect the composition 
of fats in the initial fraction.

As shown by рН-metric titration of a 1% solution of 
fraction I (Fig. 3), this fraction contains iminodiacetate 
groups with рK about 8.2–8.3 and 9.1–9.2. Their molar 
ratio is from 1 : 1.47 to 1 : 1.52. For N-alkyliminodiacetates, 
рK of dissociation of the betaine hydrogen ion is 9.1–9.6; 
oxygen-containing radicals such as ester groups located 
close to the nitrogen atom decrease the betaine basicity. 
Therefore, it can be assumed the iminodiacetate groups 
in the fraction are substituents both in the glyceride 
radical and in hydrocarbon radicals of unsaturated acids.

When studying fraction II, we proceeded from the fact 
that NaCl formed by neutralization of iminodiacetate and 
carboxy groups passed into the liquid phase in the course 
of separation of the polycomplexone into two fractions. 
The elemental analysis of fraction II (Table 1) shows that 
the iminodiacetate derivatives of the polysaccharides 
have the empirical formula C26H35O19.4N3.4.

The potentiometric titration of the solution of fraction 
II (Fig. 3) gives the range of pH 7.5–11.1, characteristic 

Fig. 2. MALDI TOF mass spectrum of fraction I.
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Fig. 3. pH-metric titrations curves for fraction (1) I and (2) II 
isolated from the polycomplexone.
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of the iminodiacetic acid monosodium salt. The titration 
results in combination with the data on the composition 
of the iminodiacetate radical show that each radical 
contains two iminodiacetate groups. The scheme of the 
synthesis of this fraction is shown in Fig. 4.

Structure of the polycomplexone. The structure of the 
polycomplexone was determined from the IR spectra 
[12] of fractions I and II (Fig. 5). In the spectrum of the 
polycomplexone in the range 3600–3150 cm–1, there is 
a complex band with a maximum at 3362 cm–1 and a 
broad shoulder at 3326 cm–1. This range is characteristic 
of vibrations of bound water and OH groups in 
polysaccharides. The band at 3016 cm–1 can be assigned 
to N–H+ vibrations in iminodiacetate groups. The 
bands at 1723, 1232, 1150, and 1092 cm–1 correspond 

to the С=О and С–О–С vibrations in ester groups. The 
band with a maximum at 1644 cm–1 and a shoulder at 
1610–1595 cm–1 can be assigned to bending vibrations 
of bound water molecules and antisymmetric vibrations 
of carboxy groups, and the band near 1418 cm–1, to 
symmetric vibrations of carboxy groups. The band at 
939 cm–1 and a shoulder at 916 cm–1 belong to vibrations 
of undistorted and distorted glycoside groups [6].

In the spectrum of fraction I (Fig. 5), bands at 3098 and 
3036 cm–1 appeared; they correspond to N–H+ vibrations 
in iminodiacetate groups as substituents in hydrocarbon 
and glyceride radicals. The positions of the vibration 
bands of ester groups changed: The С=О vibration 
band shifted to 1723 cm–1, and the С–О–С vibration 
bands, to 1294, 1170–1160, and 1100–1092 cm–1. In the 

Fig. 4. Scheme of the synthesis of sodium iminodiacetate polymucosaccharide derivatives.

Fig. 5. IR spectra of fractions (1) I and (2) II isolated from the polycomplexone and (3) of the polycomplexone.
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spectrum of fraction II (Fig. 5), the ОН vibration band in 
polysaccharides shifted to 3319 cm–1, and the shoulder, 
to 3217 cm–1 (with a decrease in its intensity); the 
shoulder in the region of 3050 cm–1, belonging to N–H+ 
vibrations, disappeared. The carboxy group vibrations 
are observed at approximately 1634 and 1458 cm–1. The 
structure of vibration bands in the range 910–925 cm–1 
changed. 

In the polycomplexone molecule, there are, on the 
average, two molecules of tri- or diglyceride derivatives 
per three cellobiose units of polymucosaccharide 
derivatives.

The shift of bands in the IR spectra suggests the 
presence of a developed system of hydrogen bonds in 
the polycomplexone. Under their infl uence, triglyceride 
derivatives are coordinated by polymucosaccharide 
derivatives to form host–guest molecular complexes. 
The IR data confi rm the presence of intermolecular 
hydrogen bonds in the polycomplexone between 
monoprotonated iminodiacetate, carboxy, carbamide, 
hydroxy, and glycoside groups in polymusosaccharide 
derivatives and monoprotonated iminodiacetate and 
ester groups in triglyceride derivatives. The hydrocarbon 
radicals in these complexes are oriented toward diff erent 
sides along polysaccharide chains. These data are 
confi rmed by photomicrographs of the polycomplexone 
solution (Fig. 6), in which threadlike particles are 
clearly seen. The structure is determined by the fact 
that polymucosaccharide macromolecules contain 
6400–6500 cellobiose radicals. In iminodiacetate 
derivatives of polymucosaccharides, hydroxy, carboxy, 
and iminodiacetate groups are densely distributed along 
the chains.

CONCLUSION

The results of this study show that the polycomplex-
one is a detergent combining the properties of biphi-
lic molecules, wetting agents, and complexones of new 
generation. A decrease in the metal content in petroleum 
recovered from the solution after treatment of the tanks 
with polycomplexone solutions to remove petroleum 
sludge indicate that fl occulation of the contaminations 
using the polycomplexone leads to the breakdown of the 
metal compounds in the organic phases.

The properties of the polycomplexone are determined 
by the composition of the feedstock, fraction recovered 
from liquid base hydrolyzates of protein-containing 
waste. This fraction contains diffi  cultly available 
and expensive compounds such as hyaluronic acid 
and triglycerides with linolenic and arachidonic acid 
radicals. The polycomplexone can become an available 
and widely used detergent, because the procedure 
for its production from protein-containing waste is 
economically feasible and environmentally safe. The 
use of the polycomplexone in synthesis of safe technical 
detergents and household chemicals will allow the 
petroleum consumption for their production to be 
signifi cantly reduced.
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