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Introduction

Compound structure is one of the main properties used for
classification of ionic liquids (ILs). There are liquids where a cation
has a charge on nitrogen, phosphorus, oxygen or sulfur atoms. This
group includes among others ammonium and phosphonium ionic
liquids. The cation may have one or more quaternary atoms in its
structure [1]. When there are two charges on nitrogen atoms, we
have bisammonium liquids, whereas liquids with three charged
atoms are known as trigeminal [2].

Bisammonium ionic liquids showing surface activity with a long
alkyl chain form a new class of compounds, so-called gemini [3, 4].
Their characteristic property is the presence of two interconnected
nitrogen atoms with positive charges and a symmetry axis in the
molecule structure [5+7]. The gemini structure causes the liquids to
have low critical micelle concentration [3, 4]. They are also classified
as amphiphilic ionic liquids due to their properties, with high surface
activity and high thermal stability [7].

In 2007, W. L. Hough et al. proposed a classification of ILs into
three generations [8]. The 3™ generation ILs have many applica-
tions, including pharmaceutical ones (analgesic, anti-inflammatory)
thanks to the application of cations or anions from known phar-
maceuticals [8, 9]. This group of ionic liquids also includes ILs with
fungicidal or herbicidal activity [10, | I]. To obtain fungicidal activity,
triazoles are used as a cation source, whereas herbicidal ionic liquids
are obtained using anions: 2,4-dichlorophenoxsyacetate, 4-chloro-
2-methylphenoxyacetate, |-(3-chlorophenyl)-piperazine, 2-(pho-
sphonomethyl-amine)acetate, or sulfonylurea (MS-M) [ | +18].

New ionic liquids were synthesized containing the bisammonium
cation and herbicide anions, thus increasing their herbicidal activity. The
new synthesis method of bisammonium dihalides and two methods of
substitution of halides with herbicidal anions were developed. Moreover,
the effect of a linker and anion on physicochemical properties and
herbicidal activity was determined.

Experimental part

I, 12—dibromododecane (I) or |,4-dibromobutene (ll) or bis(2-
chloroethyl)amine (Ill) and 2,2’-[(9Z)-9-Octadecen-|-ylimino]
diethanol were added in mole ratio |:2. The whole mixture was
stirred for 72 hours. Then the product was purified and dried.

Synthesised bisammonium dibromides and dichlorides were
then subjected to a one-step substitution reaction. The reaction of
dihalide with MCPA potassium salt (1:2) was conducted in methanol
for 30 minutes at ambient temperature, after which the solvent was
evaporated. The product obtained was dissolved in acetone and cooled
in order to precipitate inorganic salt. The precipitate was then filtered
off and then the filtrate evaporated. The products obtained (la), (lla),
(Illa) were dried in a vacuum dryer at 70°C for 24 hours.
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Bisammonium dihalide was subjected to a substitution reaction
with potassium hydroxide in a mole ratio of 1:2. The reaction was
conducted in methanol at ambient temperature for 30 minutes. The
precipitated potassium bromide was filtered off and the filtrate was
neutralised with an alcoholic solution of 2,4-D acid. After reaching
neutral pH, the solvent was evaporated from the mixture. The
residue was dissolved in acetone and then cooled. The precipitate
was then filtered off and the solvent evaporated from the filtrate.
The products obtained (Ib), (1lb), (Illb) were dried in a vacuum
drier at 50°C for 48 hours.
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The diagram of obtaining bisammonium ionic liquids, where X
is a bromide or chloride anion, A - MCPA anion (la-llla)
or 2,4-D(Ib-1lIb) anion.
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Table |
Bisammonium herbicidal ionic liquids

ILs | Symbol R Yield % S:/:f'

la [[r(/l:ég)\s]]z (CH)) - ) 99

lla [[ﬁzsAi CH,-CH,-NH-CH,_CH| 89 97

lila [[ergé,i']”] ~CH,~CH=CH-CH- 90 95
X

Ib E;Z%i ~(CH)) - 9 90

I1b [[;:';'CD']E] ~CH,-CH,-NH-CH-CH-| 88 94
4D),

b [[szg_lg]'a] ~CH,~CH=CH-CH,- 9l 91
4D],

The ion exchange reaction with MCPA potassium salt had greater
yield than a two-stage reaction using ammonium hydroxide, whereas
the synthesis of the liquid containing the 2,4-D anion using the two-
stage method had approximately 10% higher yield than the one-stage
method. All the liquids obtained at 25°C had high density and viscosity.

The compound structure was confirmed by means of a proton
nuclear magnetic resonance analysis. The spectrum shows that the
MCPA anion caused shift in the cation towards lower values than
liquids with the 2,4-D anion. Shifts in CH, groups from carbons derived
from the linker in bisammonium cation were also observed. The shift
increases in the series la>1la> llla for the liquids with the MCPA anion
and Ib>1Ib>1lIb for the liquids with the 2,4-D anion. 'H NMR also
showed peak at 5.34 ppm from a double bond in an oleic chain.

Table 3 presents the results of solubility tests for popular organic
solvents and water. The test was performed following the A. Vogel’s
method and involved weighing out 0.1 g of substance and then the
addition of | mland 2 ml of the solvent. In the solubility test, “+” means

a soluble compound (0.1g/Iml), “+“ means poorly soluble (0.1g/3ml),

whereas “—* means that 0.1 g does not dissolve in 3 ml of the solvent.
Table 2
Solubilities of the Bisammonium ionic liquids
ILs
la Ila la Ib 1Ib b
Solvent
Water - - - - - -
DMSO + - - - - *
Acetonitrile - - * - - ES
Methanol + + + +
Acetone + + + +
Isopropanol + + * - - +
Ethyl acetate + 3 + E E +
Chloroform + + + + + +
Toluene + * + * * +
Hexane + - + + - +

All the liquids obtained were soluble in methanol, acetone, ethyl
acetate, chloroform and toluene. The synthesised ionic liquids were
soluble in all the non-polar solvents, except lla and Ilb, which were not
soluble in hexane. The liquid IlIb was soluble in all the polar solvents,
except for water. Ib and llb were not soluble in polar solvents such as
DMSO, acetonitrile and isopropanol. The liquids la—Illla were soluble
in protic polar solvents, except for water.

The refractive index was measured using ABBE Rudolph Research
Analytical |357 Automatic Refractometer.
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Fig. 1. Effect of temperature on the refractive index for ionic
liquids la—Illa with anion MCPA
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Fig. 2. Effect of temperature on the refractive index for ionic liquids
Ib—IlIb with anion 2,4-D

The values of the refractive index for the liquid with the MCPA
anion (Fig. 1) were in the range 1.472 to 1.509. It shall be noted that
the ionic liquids with the bis(ethane)amine (lla) and butene (llla)
linker have similar values of the refractive index, whereas the liquid
la with the dodecane linker has asignificantly lower refractive index. A
Similar relation can be observed for the liquids Ib—IlIb (Fig. 2). The
lowest value was observed for the liquid Ib— 1.476. The other liquids
with the 2,4-D anion had a much higher refractive index; the highest
value was reported for IlIb, equal to 1.512. Analysing the effect of the
temperature, the linker and the MCPA (la—Illa) and 2,4-D (Ib—IlIb)
anions on the refractive index, it may be observed that the change
in the refractive index in the temperature range of 20-90°C is linear.
Correlation coefficients (R) were determined in order to confirm that.
Their values close to unity, which prove the linear dependence.

The lowest value of the refractive index was found for the liquid la.
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While comparing values of the refractive index (Fig. 3) for
constant temperature of 20°C for synthesised new herbicidal ionic
liquids containing various linkers and anions, one may observe
a significant effect of introducing a double bond (lla, 1Ib) or a nitrogen
atom (llla, 1Ib) to the linker on the change in the refractive index.
The lowest value of the refractive index was reported for the ionic
liquid la, while the highest — for llIb.

Density and viscosity could not be measured due to high liquid
viscosity preventing the tests.

Herbicidal activity of the ionic liquids obtained was conducted
in a greenhouse experiment for three test plants: the winter oilseed
rape (Brassica napus L.), lamb’s quarter (Chenopodium album L.)
and cornflower (Centaurea cyanus L.). The activity was tested
according to the methodology described in the paper [I 1]. Agents
commercial herbicides were used as a reference: Chwastox Extra
300 SL (300 g of a.i. in | | of the product) containing 2,4-D and
Aminopielik Standard 600 SL (300 g of a.i. in | | of the product)
containing MCPA.
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Fig. 4. The herbicidal activity of ionic liquids with anion MCPA

Biological activity of the ionic liquids obtained containing the MCPA
anion and the commercial herbicide containing the MCPA anion in
the form of dimethylammonium salt is presented in Figure 4. All the
synthesised liquids (la—Illa) showed higher herbicidal activity against
the winter oilseed rape, lamb’s quarter and cornflower. The best
herbicidal properties in all the tests were shown by the liquid [C ,C ]
[MCPA], la with a dodecane linker. The bisammonium ionic liquids lla
and llla showed similar herbicidal activity.
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Fig. 5. The herbicidal activity of ionic liquids with anion 2,4-D

The ionic liquids with the 2,4-D anion (Ib—11Ib) (Fig. 5) also show
higher herbicidal activity than their reference formulation against the
winter oilseed rape and lamb’s quarter, however, for the cornflower, the
synthesised liquids showed slightly lower efficacy than the commercial
herbicide. The liquid Illb was the only one that showed lower herbicidal
activity against the lamb’s quarter.
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Summary

The paper presents two methods for the synthesis of bisammo-
nium ionic liquids with herbicidal ions. The used precursors were:
dodecane- |, 12-bis(bis(2-hydroxyethyl)octadecane-9-eneammonium),
butene-|,4-bis(bis(2-hydroxyethyl)octadec-9-eneammonium) dibro-
mides and bis(ethane)amine-2,2’-bis(bis(2-hydroxyethyl)octadec-9-e-
neammonium) dichlorides. All the ionic liquids obtained were soluble in
polar solvents such as acetone and methanol and in non-polar solvents:
ethyl acetate, toluene and chloroform, while none of them was solu-
ble in water. The value of the refractive index depended strongly on
the structure of the linker in a bisammonium cation, while the anion
structure had a much less effect. The synthesised ionic liquids usual-
ly showed higher biological activity than the commercial herbicides.
The highest efficacy against weeds was observed for dodecane-I,
12-bis(bis(2-hydroxyethyl)octadec-9-eneammonium) di(4-chloro-
2-methylphenoxy)acetate.

The studies funded from statutory funds of the Faculty of Chemical Technology
of Poznan University of Technology, 03/32/DSPB/0608
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Weekend Rozwoju Regionu Dolnoslaskiego z BASF Polska

Od 9 do |1 wrzesnia br. BASF Polska, jako partner regionalnych
i lokalnych dziatari realizowanych m.in. przez AHK Polska czy lokal-
ne instytucje edukacyjno-kulturalne, zrealizowata cykl wydarzen sta-
nowiacy strategiczny element dziatan BASF w ramach ktérych firma
jako globalny partner wnosi wkiad w spoteczno — gospodarczy rozwoj
kazdego z regiondw, w ktorych dziafa.

BASF w Polsce jest mocno zwiazany z Regionem Dolnego Slaska
od momentu otwarcia w 2014 r. na terenie Srody Slaskiej najwiekszego
zaktadu produkgji katalizatoréw firmy w Europie, ktérego produkty
zmniejszaja emisje szkodliwych gazéw o ok. 90%, dzieki czemu pojaz-
dy wywieraja mniejszy wptyw na srodowisko.

BASF popularyzuje wsréd Partneréw i spofecznosci lokalnej
we wszystkich regionach, w ktérych dziafa, innowacyjne rozwigzania
wychodzace naprzeciw przysztym wyzwaniom spoteczenstwa. Za jed-
no z nich uznawany jest dynamicznie wzrastajacy poziom urbanizacji,
ktéry niesie za soba jednoczesny rozwdj zapotrzebowania na efek-
tywne technologie dla budownictwa, gospodarowania $ciekami komu-
nalnymi czy wsparcia ksztaftowania zamknigtego systemu odpadow.
Firma stara sie upowszechnia¢ wiedze na temat koniecznosci poszu-
kiwania odpowiedzi na przyszie wyzwania globalne juz w wymiarze
regionalnym i lokalnym.

Okazjg do przedstawienia najnowszych rozwiazan w tym zakre-
sie wsrod mieszkancdw preznie rozwijajacego sie Wroctawia byt tra-
dycyjny Oktoberfest, zorganizowany przez Polsko-Niemiecka Izbe
Przemystowo-Handlowa, w ramach ktérego BASF zaprezentowat
jedng z najnowoczesniejszych technologii pozwalajacych na znaczne
usprawnienia w obszarze gospodarowania odpadami z gospodarstw
domowych. Przedstawiono nowoczesne tworzywo sztuczne eco-
vio®, ktore spetnia miedzynarodowe kryteria kompostowania. Proces
produkcji oparty jest na innowacyjnej technologii, wykorzystujacej wia-
$ciwosci kompostowalnego polimeru (Ecoflex®) i kwasu mlekowego
(PLA) uzyskiwanego z kukurydzy. Dzieki temu ecovio® moze ulec bio-
logicznemu rozkfadowi przez mikroorganizmy i ich enzymy. Ta techno-
logia oferuje rézne gatunki produktéw spetniajacych migdzynarodowe
i krajowe wymogi dotyczace kompostowania przemystowego. Dzieki
innowacyjnym foliom, z ktérych tworzone sa torby na zakupy i worki,
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kompostowalnym naczyniom, a nawet kapsutkom kawy, ktére w petni
ulegaja rozktadowi — BASF zaprezentowat w jaki sposob wspotcze-
$nie przemyst chemiczny moze przyczyni¢ sie do zmniejszenia ilosci
odpadéw komunalnych, a w efekcie takze do ochrony srodowiska
naturalnego.

Chemia inspiruje do odkry¢ — nowa pracownia chemiczna

w Srodzie Slaskiej

BASF od lat stara si¢ wspiera¢ mtodziez w odkrywaniu poten-
cjatu, jaki drzemie w nauce. 10 wrzesnia br., w ramach Weeken-
du Rozwoju Regionu Dolnoslaskiego, firma otworzyta pracownie
chemiczna dla uczniéw Liceum w Powiatowym Zespole Szkét Po-
nadgimnazjalnych nr | w Srodzie Slaskiej. Partnerska wspétpraca
z Liceum to owoc projektu zainicjowanego przez firme w ramach
obchodow 150-lecia BASF w 2015 roku.

Nowa pracownia to kolejne miejsce (po otwartym w maju labora-
torium chemicznym w Humanitarium Wroctawskiego Centrum Badan
EIT+), w ktérym miodzi ludzie beda mogli poznawa¢ chemie od prak-
tycznej strony. Z uzyciem m.in. profesjonalnego stotu laboratoryjnego
czy chemicznego dygestorium uczniowie beda mieli szanse przepro-
wadza¢ samodzielne eksperymenty. Juz podczas otwarcia pracowni
chemicznej pierwsza prébe swoich zaprezentowali licealisci z klasy
o profilu biologiczno-chemicznym.

BASF wspiera takze wymiane dobrych praktyk w ramach wspotpra-
cy z Partnerami edukacyjnymi. Podczas otwarcia pracowni, wspdlnie
z licealistami wystapili animatorzy z laboratorium chemicznego BASF
w Humanitarium Wroctawskiego Centrum Badan EIT+. W wydarze-
niu wzieli udziat takze studenci reprezentujacy chemiczne kota nauko-
we, wspotpracujace z firma BASF wraz z ambasadorkami profilu edu-
kacyjnego chemiatomy na Facebooku — Adg Cytryniak (Uniwersytet
Wroctawski) i Justyna Mielnik (Politechnika Wroctawska). Wspoétpraca
edukacyjna z uczelniami oraz prowadzenie laboratoriéw i pracowni
chemicznych dla dzieci i mtodziezy to istotny element dtugofalowego
zaangazowania spofecznego firmy. Od 2010 r. BASF Polska wspotpra-
cuje w Warszawie z Centrum Nauki Kopernik. Obecnie we wszyst-
kich laboratoriach chemicznych BASF w Polsce tajniki chemii odkrywa
rocznie blisko 40 tysiecy ucznioéw z catego Regionu. (abc)

(inf. BASF, 13 wrzesnia 2016 r.)
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