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ABSTRACT 
 
The aims of this study were the synthesis, characterization and the testing of vinyldiphenylphosphonium salt 
phytotoxicity. Phytotoxicity of the synthesised salt was tested on Cucumis sativus L. seed germination and early 
seedling growth, at five different concentrations, using a standardized toxicity test. Endpoints included the 
determination of some seedling parameters: root and shoot length, root and shoot biomass, root and shoot dry 
weight ratio and final germination percentage. The vinyldiphenylphosphonium salt showed moderate to strong root 
length and root biomass inhibition, which increases progressively with the increasd of the concentration level.  
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INTRODUCTION 
 
Phosphonium compounds offer a vast and 
attractive field of research for the chemists and 
biologists. For many years, solid polymers have 
been dominant both as supports for organic 
reagents and in combinatorial synthesis 
(Shuttleworth et al., 1997; Sherrington et al., 
1988). However, there are concerns associated 
with the use of insoluble polymeric derivatives 
such as lowered reactivity; site-site interactions, 
extended reaction times and diffusion limited 
reactivity. The use of soluble matrices such as poly 
(ethylene glycol) (Gravert et al., 1997), (Geckeler, 
1995) circumvents these problems while also 
allowing for routine monitoring of reaction 
progress.  
Soluble polymer-supported organic chemistry, 
dubbed “liquid-phase” synthesis, is developing as 
an increasingly useful adjunct to the more classical 
heterogeneous resin-supported approaches across 

the broad spectrum of polymer-supported chemical 
methodology and combinatorial- chemistry. The 
use of soluble polymers has the potential to 
combine the best aspects of both solid-phase 
chemistry and solution-phase chemistry. The 
soluble polymers afford more normal reaction 
kinetics, facilitate compound characterization, and 
allow for polymer/compound isolation and 
purification through precipitation and filtration.  
By far the most commonly used soluble polymer 
support is poly(ethylene) glycol (PEG). The wide 
applicability of PEG is directly linked to its broad 
solubility profile: soluble in dimethylformamide, 
dichloromethane, toluene, acetonitrile, water and 
methanol. However, it can be precipitated and 
recipitated recover in >99% yield from solvents 
such as diethyl ether, isopropanol and cold 
ethanol. A simple and efficient method for 
synthesis of soluble phosphonium salt grafted on 
polyethyleneglycol has been developed in this 
study. 
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The phytotoxic effects of phosphonium 
functionalized polymers have been less studied so 
far. They have previously been used as biocide in 
order to remove the bacteria and living organisms 
from the surfaces (Popa et al., 2003a; Kanazawa et 
al., 1993). The biocides are useful for protecting 
the plants against fungi, bacteria, viruses and other 
microbial plant pathogens, by application to the 
plants and/or to the soil in which they are growing 
or to be grown, or for use in a seed dressing. The 
control of phytopathogenic fungi has a great 
economic importance since fungal growth on the 
plants or on parts of plants inhibits the production 
of foliage, fruit or seed, and the overall quality of a 
cultivated crop.  
The phytotoxicity tests, especially the seed 
germination and root elongation tests, have more 
advantages (such as sensitivity, simplicity, low 
cost) than toxicity tests which use animals and 
algae (Wang, 1991; Hulzebos et al., 1991; Wang et 
al., 2001).  
Cucumber is one of the common plant species 
recommended by the US Environmental Protection 
Agency (USEPA, 1982), the U.S. Food and Drug 
Administration (USFDA, 1987) and the 
Organization for Economic Cooperation and 
Development (OECD, 1984) for seed germination 
and root and shoot elongation tests (Wang et al., 
2001). 
Arylphosphonium salts are compounds that have 
both lipophilic and cationic character, allowing a 
facile transport through plasma membranes or cell 
walls. The synthesis, characterization (FT-IR, UV 
and RMN spectra) and evaluation of the 
phytotoxicity order of poly (oxyethylene) 
functionalized with vinyldiphenylphosphonium 
salt on Cucumis sativus L. seed germination and 
seedling development were the aims of the paper.  
 
 
MATERIALS AND METHODS 
 
Materials 
Polyethyleneglycol (PEG1000, Merck), 
Vinyldiphenylphosphine (Aldrich), benzene 
(Merck), hydrogen chloride (Reactivul, 33% (w)), 
ethyl ether (Reactivul). All reagents were used as 
received from the suppliers.  
 
 
 
 

Synthesis of the poly (oxyethylene) 
functionalized with vinyldiphenyl phosphonium 
salt 
In a 100 ml round-bottom flask fitted with a reflux 
condenser with mini trap, mechanical stirrer, 
thermometer and previously purged with 
nitrogen, 4g of polyethylene glycol and 
vinyldiphenylphosphine were added in 50 ml of 
benzene. A concentrated solution of hydrogen 
chloride was added in three portions. First, the 
system was heated at 70oC when the distilation of 
the water/benzene azeotrope began. When the 
aqueous phase evolvement stopped, the round-
bottom flask was cooled at 40oC and a second 
portion of hydrogen chloride was added. The 
reaction was continued at the distilation 
temperature of the azeotope and under nitrogen 
atmosphere. This sequence was repeated with a 
third portion of acid, and the reaction was finished 
after 40 h. Poly (oxyethylene) functionalized with 
vinyldiphenyl phosphonium salt precipitated 
during synthesis. The quaternary phosphonium salt 
bonded on poly (ethylene glycol) was separated by 
filtration, washed with ethyl ether and dried under 
a vacuum at 45oC for 28 h. 
The polymer-analogous quaternization reaction is 
presented in the following reaction: 
 

where: R : C6H5

HO-(EO)n-OH + HX + PR3-nR'n XR'
n'R3-n'P-(EO)n-P R3-n'R

'
n'X

- + + -

R' : -CH=CH2
n' : 1

X=Cl  
 
Characterization 
The synthesised compound was characterized by 
different spectroscopic methods (UV-VIS and FT-
IR spectroscopy) to obtain information on the 
chemical structures and the functional groups of 
these compounds. Fourier transform infrared 
spectrum (FT-IR) was recorded with a 
spectrophotometer (Shimadzu FTIR) in the range 
4000-400 cm-1, using KBr pellet technique with a 
scanning speed of 2 mm/sec at 4 cm-1 resolution. 
Ultraviolet spectral data were recorded with a 
CECIL AQUARIUS-SERIA 7000 spectrometer in 
ethanol at 298K. The 31P-NMR spectrum was 
recorded with a Bruker DRX 400MHz 
spectrometer, in chloroform at 298K. 
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Plant material and seed germination 
The biotest (Crisan et al., 2007) was performed on 
cucumber (C. sativus L. var. ‘Piccolo di Parigi’) 
seeds, purchased from Franchi Sementi, Bergamo, 
Italy. The seeds were washed with tap water for 
4 h, and then placed on 12x12 cm Petri dishes. 
Each dish contained two paper filters saturated 
with 12 ml of 5 mM MES (2[N’-
morpholino]ethansulfonic acid) buffer pH 6.0, 
containing 0.5 mM CaSO4 and 
vinyldiphenylphosphonium salt. Each compound 
was tested at five different concentrations 
(0.00001, 0.0001, 0.001, 0.01 and 0.1 %). 
Concentration range was selected based on a 
literature concentration-response study which 
showed that at higher concentrations (more than 
0.2%) the biocides could be used as total 
herbicides (US patent 5385896). For the 
treatments and control, 30 undamaged seeds of 
almost identical size were placed evenly on the 
filter paper in Petri dish, and then incubated in the 
dark at 28°C. The control test was run to 
investigate the stability and reproducibility of 
germination capacity, and root and shoot length of 
C. sativus seeds in the absence of xenobiotics. 
Three repetitions for each experiment were done. 
After three days of incubation, the final 
germination percentages (FG%) (Pennacchio et al., 
2005), root and shoot dry biomass, as well as 

shoot/root dry weight ratio (SRW) were 
calculated, and primary root and the shoot length 
of each seedling were measured, using ImageJ 
software package. Seed germination was defined 
as a root length of 5 mm or more.  
 
Data analysis 
The overall data were statistically analysed, using 
SYSTAT version 10. All results were expressed as 
a mean ± S.E. A one-way ANOVA, followed by t-
test using the Bonferroni correction, was used to 
find the differences between means for primary 
root and shoot length, and final germination 
percentages at three days for treatment 
(vinyldiphenylphosphonium salt) at five different 
concentrations and its control. The final 
germination percentages were converted to arcsin 
values according to Ott (1998) before statistical 
analysis. The difference between the variances was 
assessed by F-test, indicating the homoscedasticity 
of the data. 
 
 
RESULTS AND DISSCUSION 
 
Synthesis and characterization 
The main characteristics of the poly(oxyethylene) 
functionalized with vinyldiphenyl phosphonium 
salts are presented in Table 1. 

 
 
Table 1 - Characteristics of the vinyldiphenylphosphonium salt bonded on poly(oxyethylene). 

Code Prod. X-R’
nR3-nP

+ P (%, w)a yb GM 
mmoles  X-R’

nR3-nP
+ / g. of polymerc 

ηF (%)d 

PEGP+ Cl-(CH=CH2)(C6H5)2P
+ 2.29 0.89 0.63 89 

a. The phosphorus content in the functionalized copolymers was used in order to determine their functionalization degrees (Popa 
et al., 2003b; Popa et al., 2003c), 
 

b

)(%100

%
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mf
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y
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)( GiGfmimf MMymMM −⋅⋅+= , d 100×= yFη  

 
 
The degree of the chemical modification with 
quaternary phosphonium salts were relatively 
high. The yield of the quaternization reaction was 
89%, which was good for a polymer - analogous 
reaction.  
The main absorption band in the IR spectra of the 
source polymers was at 1430 cm-1 assignment  
P-C (phenyl), which demonstrated that the reaction 
of the quaternization took place. The presence of 

the aromatic rings of the phenylphosphonium 
quaternary salt bonded on poly (oxyethylen) was 
proved through the analysis of the UV spectra. 
Bound for π - π* transition was determined at 271 
nm. The structure of the product was confirmed by 
31P-NMR. All chemical shifts were measured 
using the XSI scale and TMS as internal standard 
(Harris et al., 2001). 31P-NMR spectrum (162MHz, 
CDCl3):δ: 14,593 ppm , s.   
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Effect of poly(oxyethylene) functionalized with 
vinyldiphenylphosphonium salt on seed germination 
The phytotoxicity effect of the synthesized 
compound on C. sativus L. was determined. Data 
on root and shoot length, as well as biomass and 
final germination percentages were collected and 
compared with the untreated control. The 
morphology of untreated C. sativus seedling roots 
was compared with the roots from seedlings grown 
in the presence of the synthesised compound at 
different concentrations after three days of 
incubation. The effects of the range of 
concentrations used (0.1 - 0.00001%) on root 
length and dry root weight of cucumber seedlings 
are shown in Figure 1a,c. Data showed a decrease 
of primary root length and of dry weight root in 

accordance with the increase of concentration 
(particularly at 0.001, 0.01 and 0.1% of 
concentration). The inhibition at higher 
concentrations suggested a direct effect of 
synthesised compound on the growth and 
development processes. Regarding the shoot 
length (Fig. 1b), the compound showed a similar 
effect to control at lower concentrations (0.00001, 
0.0001 and 0.001%) and a completely abolished 
development at higher two concentrations. The dry 
weight of roots and shoots and the shoot/root dry 
weight ratio (Fig. 1c-e) were the suitable 
parameters for determining the phytotoxicity of 
synthesised compound. The SRW decrease 
confirmed that at the high concentrations the shoot 
were more affected than roots.  

 

 

 
 

 
Figure 1 - Root (a), shoot (b) length, dry weight for root and shoot (c, d), shoot/root dry weight 

ratio (e) and final germination percentage (f) of C. sativus L. seedlings treated with 
different concentrations of PEGP+ in comparison with the control. Different letters are 
used to indicate means that differ significantly ( p˂0.05). Data are means ±SE of three 
replicates. 
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In comparison with the control, final germination 
percentages (Fig. 1f) for all the compounds tested 
were calculated (Pennacchio et al. 2005) and data 
showed an inhibition effect for all the treatments. 
The measurement of root length are typically used 
to describe the root distribution in the soil profile, 
but the analysis of root morphology and 

architecture can improve the understanding of 
water and nutrient extraction from soil. In the 
present study, the seedlings treated with PEGP+, 
especially at 0.1%, presented a morphological 
characteristic with respect to the control: a 
thickened primary root effect (Fig. 2). 

 
 

      
 

Figure 2 - Effects of PEGP+ in comparison with control on root development and growth of C. 
sativus L. seedlings. Scale bars, 2 cm. 

 
 
CONCLUSIONS 
 
The proposed procedure for the preparation of 
phosphonium salts bonded on 
poly(oxyethylene)s by polymer-analogous 
reactions is simple and efficient. The 
functionalization degree with quaternary 
phosphonium salts is well suited for the 
subsequent use of the product as antibacterial 
agents. The results indicated that 
poly(oxyethylene) functionalized with 
vinyldiphenylphosphonium salt affected the C. 
sativus L. root growth and development. The 
effects were either similar with the control or 
negative in terms of growth stimulation, 
depending on the concentration level of the 
compound.  
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