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Abstract 

This paper, continue the study of acid hydrolysis of β – alkyl (C12H25/C18H37) polyethyleneoxy ( = 3 – 
20) propionitriles (I) with classical phase transfer catalyst (PTC) and a new generation.  
The process is favoured by their presence in steadily increasing amounts for lower and higher values of 
micellar critical concentrations. The simultaneous presence of the cationic functional group and of the 
“homogeneous” polyethyleneoxy chains with variable degree of oligomerisation confirms the cumulated, 
favourable synergic effects. 

Keywords: total acid hydrolysis, alkyl polyethyleneoxy propionitriles; partial acid hydrolysis; phase 
transfer catalyst, alkyl polyethyleneoxy propionic acids 
 
 
 

1. Introduction 

Alkaline salts (Na+, K+) and ammonium 
salts (NH4

+; MEA+; DEA+; TEA+) of the 
β–alkyl (C12H25/C18H37) polyethyleneoxy    
( n =3-20) propionic (I) acids as good ionic 
– anionic superficialalactive components in 
hygiene receipts are also well know in  

agroalimentary processing. β–Alkyl 
(C12H25/C18H37) polyethyleneoxy ( n =3-20) 
propionic (I) acids and their salefied 
derivatives can be obtained through total 
acid hydrolysis of the corresponding 
propionitriles according to the processing 
route: 

 
R O (CH2CH2O ) CH2CH2 CN R O (CH2CH2O) CH2CH2 CO OH

H2O (H+ )
(I) n n

 
n nR O (CH2CH2O) CH2CH2 (CH2CH2O) CH2CH2 COO-B+BOH

- H2O
(I) COOH R O

where: R=C12H25/C18H37; n =3-20; BOH 
(neutralising agent);  

H+=HCl; H2SO4; PTC=phase transfer 
catalysts (table 1). 

B+ [cations Na+,K+,NH4
+; monoethanol-

ammonium (MEA+); diethanolammonium 
(DEA+); triethanolammonia (TEA+)];  

Phase transfer (PT) is an efficient method 
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of achieving (in vivo) the junction between 
an ionic, non-electrolytic substratum of an 
organic phase and another electrolytic 
substratum of a aqueous phase in direct 
contact with the former through “super 
molecules” that ensure the “homoge-
nization” of the heterogeneous system 
(Wilkinson, A., 1968). The catalysts thus 
accessed are grouped into charge 
structures and chargeless structures 
(amines, crown, cryptands and polypodic 
ligand polyethers). In both variants (liquid-

liquid or liquid-solid system), the ligand is 
in the organic phase, and the structure of 
solvated coordinate is in a aqueous phase 
(Docks, J., 1973; Dehmlow, E., 1974, 
1977; Makosza, M., 1977). We transfer 
neutral, anionic, cationic structures or free 
radical units with phase transfer catalysts 
(PTC) sharing a lot of similar catalytic 
systems (Figures 1, 2). 

- interface transfer (Menger,P.,1972) [5];  
- micellar (Berezin, L. et al., 1973) [6].  

 

 
Figure 1 Probable conformations and schemes of coordination and transfer of cations in polyethyleneoxy 

structures [30, 31] 

 
Figure 2 Probable conformations and schemes of coordination and transfer of cations with N, N, N-

trimethyl-N-(C12-C18) polyethyleneoxy ( n  = 0-9) ethylammonium chloride [30, 31] 

 
Micelle (macromolecular organic aggrega-
tes dispersed in the aqueous phase) appear 
in which the inner hydrophob “cavity” is 

accessed by the nonpolar radical of the 
superficialactive structure and other 
nonpolar organic structures, while polar 
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groups are oriented toward the aqueous 
phase, forming a positively charged 
interface that attracts anions, thus 
facilitating the interaction between them 
and the organic micelle substratum at the 
level of the micelle interface (Cordon, J., 
1964, 1965 [7]; Regen, S., 1975; 
Brändström, A., 1974 [8]; Breslow, R., 
1970; Witting, G., 1947 [9]). 

Jarrouse, G. (1951) accesses quaternary 
ammonium salts in the processing of ethers 
and Poos, G. et al. (1953) [10] and 
Balaban, A. et al. 1956, 1959) in alkylation 
processes.  

After acknowledging the role of trimethyl-
benzyl-ammonium chloride (Maerker, G. et 
al., 1961) [11] in the processing of the 
esters of the stearic and azelaic acids 
(Gibson, N. and Hosking, J., 1965) [12] 
insist for the first time on the possibility of 
generalising the method in the organic 
processing.  

It was the school that defined the 
mechanism and its importance for the 
preparative chemistry and organic 
biochemistry (Makosza, M., 1965, 1966; 
[4]; Hennis, H., 1968; Brändström, A., 
1969; [8]; Starks, C., 1971, 1973) [13, 14] 
the name of “phase transfer catalysis” 
being suggested by Starks, C., 1971 [13].  

Due to its simplicity, universality, and 
energetic efficacy, PTC has become an 
experimental technique of preparative 
processing in bioinorganics, biochemistry, 
biology, etc. 

The mechanism proposed by (Starks, C., 
1971) [13] supposes the transfer of the 
reactant anion from the aqueous phase into 
the organic phase with the help of a 
sequestrant that changes later on into 
aqueous phase for a new route. 

Landini, D. et al., 1977, 1978 [15] used the 
technique of liquid membranes and found 
out that in the case of water insoluble 
ammonium salts anion transfer takes place 
at the interface, with no simultaneous 
transport of the catalyst (sequestrant). 

 Ingold, C., Hughes E. (1935, 1948) 
showed that the effect of medium polarity 

on transfer rates conditions the nature of the 
transition state of the coordination complex.  

If initial charges vanish or are dispersed, 
the processes are delayed by the increase of 
the medium polarity, while the processes in 
which the transition state generate charges 
depend directly proportionally on the 
latter’s polarity that influences more 
intensely unimolecular processes compared 
to bimolecular ones.  

Unimolecular ionisa-tion cannot be 
explained exclusively through medium 
polarity. 

Explaining the role of the solvent was 
possible when solvolyses were studied in 
aproteic media with controlled addition of 
protic solvent (water, alcohol, etc.) 
(Bartlett, P. and Nebel, R., 1940) [17], and 
later by PTC with the most diverse 
structures.  

Systematic studies were carried out by 
Gelles, E., Hughes, E. and Ingold, (1954) 
[18], Swain, C. (1948) [16] in solvolyses in 
polar media (water, alcohol, phenol, etc.). 

The nucleophilous character of the latter 
(H20 > C6HsOH), inversely proportional 
with acidity (C6HsOH > H2O), sustain the 
rapidity with which it can form hydrogen 
links.  

Swain, C. et al. (1953) [16] claim that in 
unimolecular processing the breaking of the 
link is assisted by the protic medium 
through a “push-and-pull mechanism” 
effect (“pulling” the group displaced and 
“pushing” it toward the carbon atom). 
Contested third order kinetics was later on 
reconfirmed by Swain, C. (1958) [16], in a 
nanometric system (ethanol with marked 
oxygen).  

The generation of free and/or sequestrated 
ionic structures in different media can also 
be sustained through the “solvent cage” 
effect (Franck, J. et al., 1934; Noyes, R., 
1950, 1956) [19, 20].  

The coordination of the free cation in the 
“cavity” or “cage” of solvent molecules 
can be represented as in Figure 3. 
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a) tetrahydrofurane    b) dimethylsulphoxyde 
(THF)                      (DMSO) 

Figure 3. Coordination scheme of the natrium 
cation by the tetrahydrofurane and dimethyl 

sulphoxyde 

In order to trigger the process, structural 
fragments leave the “solvent cage” and 
diffuse in the medium, where they can 
recombine generating structures that are 
stable and later inactive. The efficacy of 
ionic structures in the initiation of processes 
as a result of their association in the 
“solvent cage” (“cage effect”) can be 
assessed by combining them (outside the 
“cage”) with an efficient “scavenger”.  

Winstein, S. et al. (1956) [21] proved 
experimentally that the mechanism is part 
of some general balances of coordination of 
the form: 

 

This scheme does not identify ionization 
for dissociation. The first step of the 
unimolecular reversible process (ionization) 
determines the formation of an intimate 
contact ion pair that can turn back to the 
initial covalent structure RX (if the ion of 
the group (a) can participate in stabilising 
through transpositions, etc.) or can evolve 
through the ion pair separated from the 
solvent molecule (b) into dissociated ions 
(c). The ionic species (b) and (c) can turn 
back to the covalent structure RX, or they 
can rapidly interact with the solvent to form 
final processing products. 

Turning back to the intimate contact ion 
pair is also called internal return, while the 
turning back from ions (b) and (c) is also 
called external return. The mechanism was 
also highlighted by the saline special effect 
(Fainberg, A., and Winstein, S., 1956) [21] 

(speeding up of the processing determined 
by the suppression of external return). A 
few successes of the PTC in which 
acyclical and cyclic polyether crown 
proved good sustain the interest in PEG 
(PEO) coordinated competences.  

Knockel, A. et al. (1975) studied the 
solubility of the potassium acetate in 
acetonitrile in the presence of a wide range 
of macrocyclic polydentate ligands and 
noticed differences in selectivity, a stability 
they attribute to the dependence between 
these parameters and cage diameter, 
lipophilicity and rigidity, respectively, of 
the sequestration matrix [22]. 

Substituting benzyl chloride by potassium 
salts in acetonitrile or benzene in the 
presence of some glymes with different 
polyethyleneoxy chain size (Lehmukel, A. 
et al., 1977; Balasubramanian, D. et al., 
1979) [23] led to a new confirmation of 
their coordinating role. 

 Coordination efficacy of dimethyl ether 
oligoethyleneglycols (glymes, oligoglymes) 
increases with ligand concentration, and for 
a constant value it is directly proportional 
with the size of polyoxyethylene chain 
(PEO). The authors noticed for the first 
time the minimal size of a chain under 
which coordinating competences are weak 
(practically absent) (di-, triglymes). Upon 
isoconcentration, acyclic polyethers have 
coordinating properties lower to the 
structures (18-crown-6), a situation that 
can be compensated by its increase. 

In the process of esterifying the glycols 
with different oligomerisation degrees 
(polymerisation), with methyl chloride or 
dimethyl sulphate in a solid-liquid biphasic 
system (NaOH-benzene or petroleum xylene 
ether), glycols can ensure initially the role 
of phase transfer catalyst coordinating 
natrium ion; while the process evolves, it 
is substituted by the resulting ether 
(Zupancic, B. et al., 1979) [24].  

They noticed linear relations of free energy 
between the size of the polyoxyethylene 
chain (PEO) in the glycols (oligomers) and 
the stability constant of the complex 
(Bartsch, R. et al., 1974, 1977) [25]. 
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Complex stability increases with the 
number of donor atoms for a given chain 
(heptadiglime) and decreases suddenly 
above this value. A later increase of the 
donor number leads to the consolidation of 
the complex stability. 

Since the coordination constant is about 
five times higher than that of the dimethyl 
ether Carbowax-1000, it is possible to 
access glime mixtures much cheaper as 
phase transfer catalysts in horticultural 
and agroalimentary processing. The 
triglime exerts a stabilising effect 
comparable to that of the crown polyether 
(15-CR-5).  

Vögtle, F. and Weber, E. (1974) [26] 
obtained polypodic ligands that generate 
complexes similar to crown polyethers. 

 Lee, D. and Chang, V. (1978) used 
catalyst dimethylpolyethyleneglycol to 
oxidise alkenes with permanganate since it 
can coordinate alkaline cations and 
solubilise potassium permanganate in an 
organic medium. 

Monomethyl ether polyethylene glycols 
grafted on polystyrene are processing 
cosolvents that influence the polarity and 
mobility in the microenvironment of the 
phase transfer catalyst channels (Regen S. 
et al., 1977, 1979). 

Diversifying the range of coordinating 
kellation structures has been the focus of 
numerous researches. Their efficacy is 
finally quantified by their impact on 
growth, plant development, and action on 
horticultural (vegetal) production. 
Confirmation for sure is time demanding 
and expensive, because of the variety of 
soils, climates, and plant species. There are 
numerous studies on the theoretic models 
that can foresee and explain the behaviour 
of different kellates in complex structural 
matrices. 

2. Materials and methods 

2.1. Materials (Aldrich – Sigma) 

1. hydrochloric acid 37%(CAS 7647-01-0); 
2. sulfuric acid 98% (CAS 7664 – 93 – 9); 

3. dodecylbenzenesulfonic acid sodium 
salt (CAS 2155–30–0); 

4. p–toluenesulfonic acid monohydrate 
98,5% (CAS 6192–52–5); 

5. acrylonitrile 99% (inhibited with 35–
45ppm hydroquinone monomethyl-
ether) (CAS 107–13–1); 

6. 1–dodecanol (dodecylalcohol) 98% 
(CAS 112 – 53 – 8); 

7. 1–tetradecanol 99% (miristylalcohol) 
99% (CAS 112 – 72 – 1); 

8. 1–hexadecanol 99% (cetylalcohol) 99% 
(CAS 36653 – 82 – 4); 

9. 1 – octadecanol 99% (stearylalcohol) 
99% (CAS 112 – 63 – 0); 

10. iron (II) sulfate heptahydrate 99% 
(CAS 7782 – 63 – 0); 

11. β–alkyl (C12H25/C18H37) polyethylene-
oxy (  = 0–20) propionitriles min. 99% 
(USAMVBT, Food Additives 
Laboratory); 

12. β-alkyl (C12H25/C18H37) (7/3) poly-
ethyleneoxy ( =0–20) propionic acids; 

13. benzyltrimethylammonium chloride 
97% (CAS 56 – 93 – 9); 

14. N, N – dimethyl – N – benzyl – N – β – 
alkyl (C12H25/C18H37) (7/3) oxypropyl 
ammonium chloride 99% (USAMVBT, 
Food Additive Department); 

 
2.2 Methods 
 
Acid hydrolysis of β–alkyl (C12H25/C18H37) 
(7/3) polyethyleneoxy ( =0-20) propionitriles 
in phase transfer catalysis 

In a processing vessel with mechanical 
stirring, thermometer, ascending refrigerant, 
and dropping funnel introduce 0.1 mol 
nitriles or amides, and add cautiously at 60–
70°C, between 0.1-0.4 mol acid catalyst, 
PTC and 2.77 mol (50 mL) water. The 
process is perfected at 90–100°C, for about 
2 hours, after which the mixture is salefied 
with finely divided NaOH and water from 
the product is removed in the void (10-20 
mm col. Hg). The residue thus obtained is 
purified through repeated alcoholic 
extractions or elution through ion exchange 
column. We salefy exhaustively (stoechio-
metrically) with inorganic or organic bases 
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and determine the β-alkyl-polyethyleneoxy 
-propionates content through “antagonic 
titration” with N, N, N-trimethyl-N-benzyl-
ammonium chloride solution. Yields 
compared to nitriles or amides are between 
94 – 98%. 

3. Results 

The nature of the catalytic inorganic acid 
[(HA) A = Cl-] has a positive impact on the 

hydrolysis yields (estimated through acidity 
value).  

If in the presence of low temperature 
concentrated sulphuric acid we can obtain 
mainly propionamides (Figures 4a-d), in 
the presence of chlorhydric acid at above 
80°C propionic acids appear. An increase 
of temperature and of molar ratio HA 
propionitriles favours total hydrolysis 
yields. 

 
(a) 

 
(b) 

Figure 4 Dependence of the partial acid hydrolysis yields of β-alkyl-polyethyleneoxy-propionitriles on 
temperature, processing time 60 minutes, molar ratio H2SO4/R-(EO)n-PN, 1/1 

 

 
(a) 

 
(a) 

 
(b) 

 
(b) 
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(c) 

 
(c) 

Figure 5 Dependence of acid hydrolysis yields (with 
HCl) of β–lauryl/miristyl (7/3) polyethy-leneoxy 

( n =3–20) – propionitrile, on hydrocar-bonnated and 
polyethyleneoxy chain length, molar ratio 

HA/propionitriles 4/1, temperature 90°C, processing 
time 60 minutes, molar ratio water/propionitriles 2/1. 

Figure 6 Dependence of acid hydrolysis yields (with 
HCl) of β–lauryl/miristyl (7/3) oxypropioni-trile, on 

the amount of polyethoxylated ( n =3,6,9) 
lauryl/miristyl alcohol, molar ratio HA/propio-nitrile 
4/1, temperature 90°C, processing time 60 minutes, 

molar ratio water/propionitrile 2/1 
 

Table 1. Structure and main colloidal competences of phase transfer catalysts accessed in the acid 
hydrolysis of β – alkyl (C12/C18) (7/3) – polyethyleneoxy (  = 0 – 20) propionitriles 

  
Structure Coloidal  competences 

Nr. 
crt. Code 

R1 R2 R3 R 
Source Superficial 

tension 
σ (dyne/cm) 

Micellar criticall 
concentration 

(CCM) 
(mol/L)·10-5

1. 

PTC1 CH3 CH3

 

C8H17/C18H37

(Sigma-
Aldrich) 

CAS 
8001-54-5 

30,75*) 828,39 

2. PTC2 CH3 CH3 CH3 C12H25/C14H29-O- [27; 35-37] 30,14 835,01 
3. PTC3 CH3 CH3 CH3

C12H25/C14H29 – 
–(CH2CH2–O–)6

[27; 35-37] 32,32 610,14 
4. PTC4 CH3 CH3 CH3

C12H25/C14H29 – 
–(CH2CH2–O–)20

[27; 35-37] 36,39 90,27 

*) determined in Food additives Laboratory, USAMVBT. 

 
The process is also favoured by low 
temperatures (5-15°C) (Figures 4a, 4b); if 
at 5°C there are no propionic acids, at 15°C 
there presence is obvious. To also note that 
the increase of the hydrocarbonated chain 
(LM → CS) for the same oligomerisation 
degree of the polyethyleneoxy chain ( ) 
does not favour partial hydrolysis yields 
may be because of steric reasons. In the 
same context, the increase of the 
oligomerisation degree ( ) in the homolo- 

 
 

 

gous series (  = 0 – 20) favours the share of 
propionamides in the processing mixture. 

Adding phase transfer catalyst PTC3, PTC 4 
in progressive shares (1–5%) below the 
value of the micellar critical concentration 
(CCM) (Table 1) favours acid hydrolysis 
yield compared to the classical working 
variant (Figure 4c) the more, the more 
obvious the presence of the 
polyethyleneoxy chain in the structure is 
((  = 20 >  = 6). When adding PTC3, 
PTC4 in shares above the micellar critical  
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concentration, hydrolysis is even more 
obvious. We can thus admit the favourable 
role of the micellar ensemble, of the phase 
transfer catalyst proper, and also of the 
polyethyleneoxy chain size (PTC1, PTC2, 
PTC3, and PTC4).Total hydrolysis yield 
(Figure 5a) is favoured by temperature and 
by the polyethyleneoxy chain size, 
respectively. The size of the 
hydrocarbonated chain (LM; CS) has an 
indirectly proportional effect for the same 
parameter. Introducing the phase transfer 
catalyst in the processing favours the 
formation of substituted propionic acids 
both below and above the value of the 
micellar critical concentration (Figures 5b; 
5c). The structures PTC1 and PTC2 
respectively can be noted for their efficacy 
that is lower than that of PTC3, PTC4 
maybe because of the active participation 
and of the polyethyleneoxy chain in the 
process of total acid hydrolysis. To confirm 
the favourable role of the polyethyleneoxy 
chain size (Figures 6a-6c) we processed 
partial and total acid hydrolysis of 
propionitriles with controlled increasing 
addition in the series (0,748 – 5,98·10-2) of 
polyethoxylated lauric/miristic acid (  =3, 
6, 9). 

4.Conclusions 

Partial and total acid hydrolysis of β – alkyl 
(C12 – C18) polyethyleneoxy (  = 3, 6, 9) 
propionitriles in phase transfer catalysis 
conditions is favoured by their presence in 
steadily increasing amounts. If in the 
structure PTC we also introduce a 
heterogeneous polyethyleneoxy chain with 
variable oligomerisation degree, the global 
effect is synergically potentialised. Results 
recommend the generalisation of the 
hydrolysis variant we studied and allows a 
probable mechanism of phase transfer 
(Figures 1-3). 
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