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Abstract: Ionic liquids are low melting which have been accepted as new generation of polar solvents and

catalysts. These compounds are non-volatile, non-flammable and their “green” character has usually been

justified with their negligible vapor pressure. However, the marketing of any chemical substance, requires the

determination of their impact on all the elements of nature. Determination of the potential ecotoxicity of new

chemical compounds associated with the conduct of research on the effects of those compounds on the growth

and development of selected organism.

In the present work, the influence of triphenyl-n-pentylphosphonium iodide, introduced to the soil on

germination and early stages of growth and development of superior plants was investigated using the plant

growth test based on the OECD/OECD 208/2006. In this test, the seeds of selected species of land superior

plants – spring barley (Hordeum vulgare) and common radish (Raphanus sativus L. subvar. radicula Pers.)

were planted in pots containing soil to which a test chemical compound had been added and in pots with

control soil.

To evaluate the phytotoxicity of the triphenyl-n-pentylphosphonium iodide, the germination and (dry and

fresh) weight of control plant seedlings were determined and compared with the germination and (dry and

fresh) weight of the seedlings of plants grown in the soil with appropriate amounts of the test chemicals

added. The visual assessment of any types of damage to the test species, such as growth inhibition, chlorosis

and necrosis, based on the obtained results determined the size of the LOEC and the NOEC.
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Introduction

The history of research on ionic liquids commenced at the end of the 19th century

with the obtaining a substance called the “red oil” as a result of the Friedel-Crafts

reaction. Then analytical methods did not enable the chemical constitution of this

substance to be identified, therefore the structure of the “red oil” was understood

relatively not long ago. In 1914, Walden obtained the first useful salt of this type –

ethylammonium nitrate. The name ionic liquid, on the other hand, first appeared in

specialist literature in 1974. A greater interest was aroused by ionic liquids only in the

90s with the obtaining of salts stable in the presence of air and moisture. From that time

on, a dynamic growth of research activity related to the synthesis, properties and

applications of ionic liquids in the chemical industry, electrochemistry, biotechnology

or pharmacy has been observed [1–5].

Ionic liquids are chemical compounds that are built exclusively of ions. The cation is

organic and, as a rule, is a large molecule of an asymmetric structure. The anion is most

often an inorganic compound. Such a situation leads to obtaining a salt with a low

crystalline energy which, as a consequence, reduces the compound’s melting point,

which ranges between –20 oC and 100 oC. The ionic liquids that are liquid at room

temperature are described by the acronym RTIL (Room Temperature Ionic Liquids),

while the salts being solids under these conditions are referred to as Ionic Liquids (IL)

[3, 6, 7].

Ionic liquids in the form of organic salts exhibit a number of desirable properties,

such as very low vapour pressure, thermal and electrochemical stability, high ionic

conductance, incombustibility, good catalytic properties; also, many of these com-

pounds are recyclable. Ionic liquids are unmixable with many organic substances, while

the majority of them exhibit excellent solubility in water; they are also very good

solvents for many inorganic, organic and organometallic compounds. Yet the most

important feature of ionic liquids is that they provide the possibility of obtaining

substances of optimal properties for a given process through the modification of the

cation structure and selection of the appropriate anion; therefore, the term designer
solvents has been invented for these salts. The above-mentioned properties were

decisive to ranking ionic liquids among very attractive solvents [3, 5, 8–12].

The all of the above characteristics and the relatively low production cost may soon

lead to the situation, where huge amounts of these chemicals will be brought in to

industry, agriculture and commercial trading. This might, at the same time, pose a

potential hazard to the natural environment, to which ionic liquids would get in the form

of production wastes, waste water discharges, dump effluents, etc. Hence the need

arises for determining the degree of influence of these salts on the natural environment

and the potential for their penetration and accumulation in particular living organisms or

entire trophic chains. As for now, there is a huge number of report in the scientific

literature, which concern with the research of the potential ecotoxicity of these

compounds [13–19]. The cited literature demonstrates clearly that the potential toxicity

of ionic liquids is determined by a number of factors, of which the primary role is

played by the cation type and the length of the substituent in the cation; the anion type,
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the concentration used and the habitat conditions of a specific organism are not without

significance, either [3, 5, 13, 20, 21].

When planning ecotoxicological tests its should be borne in mind that the ultimate

“store” of all substance, both nutritive and toxic ones, is the soil. Due to human activity,

the soil becomes loaded with a number of chemical substances that may have an

adverse effect, both on the edaphon and on the yield volume and the nutritive quality of

cultivated plants [22]. As soon as large amounts of ionic liquids appear in the trade,

their passage to the soil environment should be taken into account, where the

phenomenon of soil sorption associated with the presence of humus and inorganic

colloids may retain these salts in the near-root layer, which poses an immediate threat to

the plants. Therefore, a lot of studies have already appeared in the literature, whose

authors attempt to assess the degree of ionic liquid influence on all soil environment

elements and on the growth and development of higher land plants [8, 18, 23–25].

The phytotoxicity determined in those studies is part of broadly understood

ecotoxicity. When conducting ecotoxicological studies, one can use classic chemical

analysis methods that enable the concentration of chemical compounds to be determined

in the samples analyzed. However, in ecotoxicological tests, environmental bioanalysis

and biomonitoring more and more often abandon classic chemical analysis due to high

apparatus and operation expenditures. Chemical analysis may also be insufficient in

providing information about a potential ecological risk, because it is not able to identify

all possible toxic effects, which are often dependent on the bioavailability of the toxic

substance, as well as on the synergic and antagonistic interactions within the whole

population or individual organisms [26–28].

The purpose of the presented study was to evaluate the influence of triphenyl-

-n-pentyl-phosphonium iodide on the growth and development of higher land plants.

Materials and methods

The presented study has determined the effect of triphenyl-n-pentylphosphonium

iodide having the formula:

synthesized at the Department of Organic Chemistry of Jan Dlugosz University (AJD)

in Czestochowa, on the emergence and growing of higher land plants. The compound

under examination at room temperature is a solid body, quite sparingly soluble in water.

The experiment to determine the phytotoxicity of the ionic liquid was carried out in the

vegetation hall of the AJD’s Department of Biochemistry and Bioproduct Technology
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based on the OECD/OCDE 208/2006 Guide [29] and standard PN-ISO 11269-2:2001

[30].

A monocotyledonous plant – the spring barley (Hordeum vulgare), and a dicotyle-

donous plant – the common radish (Raphanus sativus L. subvar. radicula Pers.) were

used in the pot experiment. 90 mm-diameter flower pots were filled with the control soil

and with a soil with the addition of triphenyl-n-pentylphosphonium iodide, respectively.

The grain size analysis of the soil showed that it was light loamy sand (pgl) with a fine

earth particle content of approx. 11 %, an organic carbon content of 0.9 %, and a

pH(KCl) of 5.8. 20 identical seeds of the selected plants originating from the same

source were sowed into each of so prepared pots.

The experiment to examine the potential phytotoxicity was composed of two testing

cycles: preliminary tests and final tests. The preliminary tests were carried out to

determine the range of the compound’s concentrations influencing the soil quality;

therefore, in accordance with standard PN-ISO 11269-2:2001 [30], triphenyl-n-pentyl-

-phosphonium iodide was applied in three concentrations: 0 mg, 1 mg, 10 mg, 100 mg

and 1000 mg/kg dry soil mass. In the final tests, concentrations were selected in a

geometric progression using a factor of 2. In the presented study, concentrations of 20

mg, 40 mg and 80 mg/kg dry soil mass, respectively, were used. The ionic liquid was

introduced to the soil in the form of water solutions.

To assess the phytotoxicity of triphenyl-n-pentylphosphonium iodide, the emergence

and mass (dry and green) of control plant sprouts with the emergence and mass (dry and

green) of the sprouts of plants growing on the soil with the respective amount of the

examined substance added were determined and compared. A visual examination of any

damage to the plants, such as growth inhibition, chlorosis and necrosis, was also made,

which is shown on the digital photographs. Based on the obtained results, the values of

LOEC (Lowest Observed Effect Concentration) that is the lowest concentration causing

statistically proved differences between the emergence and crop of plants growing on

the soil with the ionic liquid addition and those of the control plants, and the values of

NOEC (No Observed Effect Concentration) which is the highest concentration not

causing any noticeable toxic effects, were also determined.

The significance of the obtained results was evaluated using variance analysis (the

Fisher-Snedecor F test), while the values of LSD0.05 were calculated using the Tykey

test.

Results and discussion

The results related to the effect of triphenyl-n-pentylphosphonium iodide on the

emergence and growth of spring barley and common radish at their early development

stages are presented in Tables 1 and 2 and in Fig. 1.

The results obtained from the preliminary tests allow one to claim that triphenyl-

-n-pentylphosphonium iodide is a chemical substance exhibiting high toxicity towards

higher land plants. Only the lowest of the substance concentrations applied in the

experiment under discussion, namely 1 mg and 10 mg/kg dry soil mass, respectively,

did not have any significant effect on the emergence and growth of the both experiment-
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Table l

Changes in basic parameters of the phytotoxicity test for spring barley following the introduction

of triphenyl-n-pentylphosphonium iodide compound (in mg/kg of soil dry mass) to the soil

Sample a b c d e f g h i

Preliminary test

0 20 19 100 2.699 100 0.139 100 0.1107 100

1 20 20 105 2.862 106 0.143 102 0.1118 101

10 20 20 105 2.572 95 0.131 94 0.1159 105

100 20 20 105 1.242 46 0.063 45 0.1350 122

1000 20 17 89 0.230 9 0.014 10 0.2452 222

Final test

20 20 20 105 1.848 68 0.094 67 0.1292 117

40 20 20 105 1.818 67 0.091 65 0.1314 119

80 20 19 100 1.430 53 0.074 53 0.1469 133

LSD0.05 – 1 LSD0.05 – 0.147 LSD0.05 – 0.006 LSD0.05 – 0.0073

a – amount of seeds planted; b – number of plants; c – % germinations relative to the controls; d – crop fresh

weight [g/pot]; e – % of crop relative to the control; f – mean weight of single plant [g]; g – % of single plant

weight relative to the control; h – dry weight [mg/g f.m.]; i – % of dry weight relative to the control.

Table 2

Changes in basic parameters of the phytotoxicity test for common radish following the introduction

of triphenyl-n-pentylphosphonium iodide compound (in mg/kg of soil dry mass) to the soil

Sample a b c d e f g h i

Preliminary test

0 20 20 100 3.763 100 0.188 100 0.1269 100

1 20 20 100 3.863 103 0.193 103 0.1240 98

10 20 20 100 3.769 100 0.189 100 0.1252 99

100 20 19 95 1.303 35 0.069 36 0.1555 123

1000 20 17 85 — — — — — —

Final test

20 20 19 95 2.953 78 0.159 94 0.1133 89

40 20 18 90 2.451 65 0.139 74 0.1110 97

80 20 20 100 1.780 47 0.091 48 0.1301 103

LSD0.05 – 1 LSD0.05 – 0.259 LSD0.05 – 0.015 LSD0.05 – 0.0074

a – amount of seeds planted; b – number of plants; c – % germinations relative to the controls; d – crop fresh

weight [g/pot]; e – % of crop relative to the control; f – mean weight of single plant [g]; g – % of single plant

weight relative to the control; h – dry weight [mg/g f.m.]; i – % of dry weight relative to the control.
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al plants. This conclusion is based on the fact that, as recognized by standard PN-EN

13432 [31], a substance does not exhibit toxicity if the germination rate of seeds and the

overall fresh mass of plants growing on the ground with that substance do not differ by

more than 10 % from those of the control sample. In the case of the visual examination

of plants, too, no visible differences in appearance were observed between the test

plants and the control plants; at the same time, no growth inhibition and alterations due

to chlorosis and necrosis were found either (Figs. 2 and 3). Yet the toxicity of

triphenyl-n-pentylphosphonium iodide became clearly apparent upon introducing 100

mg of this compound to the soil. The observed decrease of green sprout mass was in

that case approx. 54 % for the barley and 65 % for the radish compared with the control.

Alterations in the appearance of the plants were also observed; the barley seedlings

were smaller than the control plants and showed distinct chlorotic changes; in the case

of the radish, dwarfism was more conspicuous, and dark spots appeared on the leaves,

indicating a progressing necrosis. After applying the highest concentration, ie 1000

mg/kg soil, the decrease in the fresh mass of barley seedlings exceeded 90 %, while the

radish seeds were only able to geminate (Figs. 2 and 3).

The final tests showed that increasing the ionic liquid concentration in the soil up to

20 mg, 40 mg and 80 mg of the substance per one kg of dry mass led to a consistent

decrease in the crop of fresh plant mass. For the above concentrations, the barley yield

decrease was 32 %, 33 % and 47 %, respectively; and for the radish, a reduction in fresh

plant mass by 22 %, 35 % and 53 %, respectively, was found compared with the

control. Similar changes were observed for the fresh mass yield per one plant, and a

steady increase in dry mass content was found for the spring barley (Tables 1 and 2).

Visible chlorotic and necrotic changes on the barley seedlings and the radish plants

were observed at a concentration of 80 mg/kg dry soil mass (Figs. 2 and 3).

Its adverse effect on the germination capacity of radish seeds and barley grains

triphenyl-n-pentylphosphonium iodide only showed at the highest concentration (1000

mg/kg soil).
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Fig. 1. Effect of triphenyl-n-pentylphosphonium iodide on the yield of fresh weight of plants



The results obtained in the study under discussion are confirmed by available

literature. A toxic effect of ionic liquids on the growth and development of higher land

plants is reported by Balczewski et al [8], Biczak et al [18] and Matzke et al [23]. The

phytotoxicity of ionic liquids observed in those studies was dependent chiefly on the

applied concentration of the compound, but the factor determining the toxicity were the

genetic features of the species and variety of plants used in the experiment. In addition,

Matzke et al [19 and 24] and Studzinska and Buszewski [25] suggest that the toxicity of

ionic liquids towards plants depends also on the structure of the compound and various

environmental factors, including heavy metals and the organic and mineral colloid

contents of the soil. Cybulski et al [5] have also found that the phytotoxicity of ionic

liquids is dependent on the type of cation or anion, but also on the length of the alkyl

chain. The above quoted authors have also demonstrated that in the case of chiral ionic

liquids, their adverse influence on plants depends also on the rotation of the substance.
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-n-pentylphosphonium iodide (in mg/kg of soil dry weight)



Conclusions

The results obtained from the experiment discussed enable one to claim that

triphenyl-n-pentylphosphonium iodide can be regarded as a chemical substance ex-

hibiting quite high toxicity towards higher land plants. The observed toxic action of this

ionic liquid was dependent chiefly on the concentration used. The highest concentration

of the examined compound, which did not cause any distinct decrease in the emergence

and growth of the plants (NOEC), was 10 mg/kg dry soil mass for spring barley

seedlings and radish plants, while the lowest concentration causing a reduction of plant

emergence/crops (LOEC) could be established at a level of 20 mg of the substance per

1 kg of dry soil mass for spring barley and common radish, respectively. Triphenyl-

-n-pentylphosphonium iodide only affected the germination capacity of the both plants’

seeds to a small extent.
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FITOTOKSYCZNOŒÆ CIECZY JONOWEJ ZAWIERAJ¥CEJ ATOM FOSFORU

1 Instytut Chemii, Ochrony Œrodowiska i Biotechnologii

Akademia im. Jana D³ugosza, Czêstochowa
2 Centrum Badañ Molekularnych i Makromolekularnych

Polskiej Akademii Nauk, £ódŸ

Abstrakt: Ciecze jonowe maj¹ce niskie temperatury topnienia zosta³y zakwalifikowane do nowej generacji

polarnych rozpuszczalników organicznych i katalizatorów. Zwi¹zki te s¹ nielotne, niepalne, a ich „zielony”

charakter jest zwi¹zany z nieznacznym ciœnieniem par. Jednak¿e wprowadzenie do obrotu jakichkolwiek

substancji chemicznych wymaga okreœlenia ich wp³ywu na wszystkie elementy przyrody. Oznaczenie

potencjalnej ekotoksycznoœci nowych zwi¹zków chemicznych wi¹¿e siê z prowadzeniem badañ dotycz¹cych

oddzia³ywania tych substancji na wzrost i rozwój wybranych organizmów.

W przedstawionej pracy wp³yw jodku trifenylo-n-pentylofosfoniowego wprowadzonego do gleby w ró¿-

nych stê¿eniach, na wschody i wczesne stadia wzrostu i rozwoju roœlin wy¿szych okreœlono w badaniach

fitotoksycznoœci w oparciu o przewodnik OECD/OCDE 208/2006. W przeprowadzonym eksperymencie

nasiona wybranych gatunków l¹dowych roœlin wy¿szych – jêczmienia jarego (Hordeum vulgare) i rzodkiewki

zwyczajnej (Raphanus sativus L. subvar. radicula Pers.) wysiano do wazonów zawieraj¹cych glebê, do której

dodano badany zwi¹zek chemiczny i do wazonów zawieraj¹cych glebê kontroln¹.

Oceniaj¹c fitotoksycznoœæ jodku trifenylo-n-pentylofosfoniowego, okreœlono i porównano wschody i masê

(such¹ i zielon¹) pêdów roœlin kontrolnych ze wschodami i mas¹ (such¹ i zielon¹) pêdów roœlin rosn¹cych na

glebie, do której wprowadzono odpowiednie iloœci zwi¹zku. Dokonano ponadto oceny wizualnej wszystkich

uszkodzeñ badanych gatunków roœlin, takich jak zahamowanie wzrostu, nekroza i chloroza oraz na podstawie

otrzymanych wyników okreœlono wielkoœci LOEC i NOEC.
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