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Preparation and characterization of a novel poly-geminal dicationic

ionic liquid (PGDIL)

Yanni Gud - Deliang Hé - Aomei Xi&-Wei QU - Yining Tang- Jun Shanly: Rilong Zht
(1. College of Chemistry and Chemical Engineertignan University, 410082 Changsha, China)

(2. College of Marxism, Jishou University, 4160@hdu, China)

Abstract: 1,4-bis(3-(m-aminobenzyl)imidazol-1-yl)butane bisafluorinephosphate), a novel geminal

dicationic ionic liquid (GDIL) containing anilinorgups has been synthesized to prepare a novelgeofyral
dicationic ionic liquid film by electro-polymerizan. The morphology and structure of the PGDIL filmere
analyzed by SEM and FTIR, and a possible polymgoizanechanism of GDIL on an Au electrode surfagesw
determined to be 3D instantaneous nucleation. Kimeace of polyaniline-like units in the PGDIL déhavas
confirmed by FTIR, indicating that the anilino gpsuof GDIL were electro-polymerized on the surfatéhe Au
electrode using the chronoamperometry method. Téwtrechemical performance of the PGDIL film in poé
was studied by cyclic voltammetry, and it was deteed that the PGDIL film electrode promoted enleahc
phenol electrocatalysis compared to the untreate@léctrode. This work extends the application eaafypoly
ionic liquids and associates ionic liquids with donotive polymers. Where further studies on othessaal and

chemical properties of polymers will be necessary.
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1. Introduction

Poly ionic liquids (PILs), unlike conventional paters, is a polymer that contains at least one éorter in a
polymer chain and a repeating unit similar to a ©@m ionic liquid structure. They are a kind of ftional
polymer materials which combine the propertiesaymers and ionic liquids [1] and can be used aalysts for
catalytic reactions by introducing the groups vdg#tialytic activity into their molecular structuré&&alamone and
coworkers first reported the polymerization of sal@inylimidazolium-based PILs in 1973 [2]. In g&al, there
are two main routes to prepare PILs. The first isnihe direct radical polymerization of IL monomenghich is
the most convenient and commonly employed approacken et al. [3] prepared a series of alkyl-stisti
vinylimidazolium PILs using a free-radical polyneation method and further investigated the impathe alkyl
chain length on the thermal stability and ionic @ectivity of PILs. Based on this method, Sun e{4lprepared
a porous quaternary phosphonium-based PIL that eth@vhierarchical structure and excellent amphigtyil
The second route is the post-polymerization madalifin of polymer with IL monomers. Post-polymeriaatis

usually finished in the presence of reactive chafrdcoups, such as amino groups and sulfhydrylpsotian et

al. [5] reported a PIL-modified hybrid monolithicolomn, which was designed and synthesized using

polymerizable ionic liquids with catalytic activeagips as the monomer. PILs with multiple monomak li
polymer structure are prepared by the polymerinadiopolymerizable groups or unsaturated grouph sscC=C
in the monomer [6, 7]. However, most of the studie®lving ionic liquids deal with the unique phgschemical
and solvation properties of monocationic ionic ittgu(MILs). Multifunctional ionic liquids such adadtionic
ionic liquids (DILs) and tricationic ionic liquidsyhich can extend the horizon of applications afigdiquids,
have not yet been studied to a high degree.

DILs, a new type of ILs are considered as comhbamatif three structural moieties: (1) cationic hgaolups;
(2) a linkage chain; and (3) the counter anions@&Jmpared to the traditional monocationic ionguids [9-14],
DILs can be classified as homoanionic dicationitiddiquids and heteroanionic dicationic ionic ligs. These
DILs can further be categorized as symmetrical asydnmetrical DILs for both homoanionic and heteioaic
DILs. Homoanionic dicationic ionic liquids are tgpi DILs, which consist of a dication and two ideak anions.
Symmetrical or geminal dicationic ILs (GDILs) cae synthesized joining two same cation, such asanailium
or pyrrolidinium, which may contain cyclic or aligtic chain via either a rigid or a flexible spac&rcommon
spacer is an alkyl chain [15, 16]. Armstrong andaakers [14] studied structure and propertiesti@tahip by
synthesizing 39 imidazolium-based and pyrrolidinibased dicationic ILs. The head groups were linkéh an

alkyl chain (from 3 to 12 carbons long), and hemeacted with four different traditional anions.elthermal
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stability of these ILs in the range of -4 to >40Q, which were found to be greater than those oftiimaditional

monocationic ILs. GDILs have the more unique phsisimd chemical properties and solvation charastiesiand
can be used as separation material [17], surfacfdB] and catalyst candidates [19,20], while $tdlve not yet
been studied heavily to the best of our knowledje 22]. The same is true of poly-GDILs (PGDILS).

The application of PILs modified electrodes in &lecatalysis of organic pollutants has attractetmresive
interest and attention recently [23].Jian Hu [24] reported a cross-linker-based PIL
(poly(1,4-butanediyl-3,3bis-I-vinylimidazolium dibromide)) for the sensié detection of 4-nonylphenol. It not
only has the designability of ionic liquids (ILskitbalso realizes the solidification of ILs, imprevine utilization
ratio of ILs, and solves the difficulty of inconvent storage of ILs as liquid. At the same time specific surface
area and reaction sites are enlarged because sfrtleture of polymer, which enhance the electadgtt effect
of phenols on the electrode [25, 26].

The most common approach toward the formation afs R$ direct free radical polymerization of the
unsaturated C=C in IL monomers. Polyaniline (PANIpne of the most attractive materials among #&#anf
conducting polymers due to its unique electricalperties, environmental stability, and easy faliocaprocess,
which is the result of the polymerization of arélimonomer. This material has been widely seleceglextrode
active materials due to its good electrical conditgt and flexible functionality [24]. In this workwith the
introduction of anilino groups into the GDIL struce, a novel GDIL
(1,4-bis(3-(m-aminobenzyl)imidazol-1-yl)butane bisxafluorinephosphate)) is synthesized to prepare\eel
PGDIL with polyaniline-like structure. It is expedt that the PGDIL film have the advantages of Ipatlyaniline

and ionic liquids.

2. Experimental

2.1 Main reagents and instrumentation

m-nitrobenzyl chloride; imidazole; acetonitrilehgk acetate; 1,4-dibromobutane; zinc powder; amuononi
hexafluorophosphate; alumina (9, 0.3 um, 0.05 um); metallographic sandpaper; sodium dihydrogen
phosphate; acetic acid; sodium acetate trihydraiteic acid; sodium chloride; sodium carbonate; isod
bicarbonate; boric acid; sodium tetraborate; paiasshloride; potassium ferrocyanide; potassiumidganide;
phenol. The experimental reagents are analyticed pnd the water used in the experiment is douiskdled
water.

Heat-collecting type constant temperature magriegating stirrer (CJJ 78-1); Rotary evaporator (B2)0
Field emission scanning electron microscope (JSBBEY, Ultrasonic cleaner (SK 5200HP); Infrared
Spectrophotometer (TJ270-30A); NMR spectrometeOWR-400); Automatic double distilled water disttilen
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apparatus (Shanghai Asia-Pacific Glass instrumeoingainy); Electrochemical workstation (IVIUMSTAT,
IVIUM Technologies BV); Electrochemical researctpesiment using classical three-electrode systermkiwg
electrode is Au electrode; The reference electisdgy/AgCl electrode (self-made and the auxilialgcgrode is

platinum wire electrode).

2.2 Synthesis of 1,4-bis(3-(m-aminobenzyl)imidazol-1-yl)butane bis(hexafluorinephosphate)
([Ca(m-ABIM)][PF¢]2)

All experiments were performed under a nitrogencaiphere, and the experimental reagents were aralyti
pure, and the water used in the experiment was leadibtilled water. The synthesis of J&-ABIM),][PFg].
(GDIL) is shown in Scheme 1.

Imidazole (0.2 mol, 13.616 g) and KOH (13.44 g) sveissolved in 50 mL acetonitrile in a three-mouth
flask, and a mixture of m-nitrobenzyl (0.2 mol, 36 g) and acetonitrile (50 mL) was added in drogse
reaction mixture was refluxed and stirred for 24t 155 °C. After that, 100 mL of water was added sephrated
the liquid into a brown oily substance. 1-(3-niteolzyl) imidazole was obtained by ethyl acetateagtion and
rotary evaporation with a yield was of 67 %.

0.2 mol 1-(3-nitrobenzyl) imidazole was dissolved1li00 mL acetonitrile, and 0.1mol 1,4-dibromobutane
was added dropwise. The reflux reaction was cawigdat 65 °C with stirring for 24 h. After the otian, the
solvent was dried and the solid was washed witkl ettetate several times. It was dried to produgell@wish
solid powder, 1,4-bis(3-(3-nitrobenzyl)imidazol-Dhutane bromide ([¢km-NBIM),][Br] ) at a yield of 57 %.

0.1 mol [G(m-NBIM),][Br], and 0.4 mol Zn powder were added to a three-mélagk with 80 v%
acetonitrile aqueous solution as the solvent. 0L138% FeC} aqueous solution was added as the catalyst and
then refluxed with stirring at 70 °C for 4 h. Aftiie reaction was completed, the reaction liquid fiteered. After
separating solvent and removing impurities from tfitrate and drying under vacuum at 40 °C,
1,4-bis(3-(3-aminobenzyl)imidazol-1-yl)butane brdmwas obtained as a yellowish solid powder (y3€1%h).

An agueous solution of ammonium hexafluorinephosphas gradually added to the aqueous solution of
[C4(m-ABIM),][Br] 2 (the molar ratio of NEP R and [G(m-ABIM);][Br] » was 2:1). After stirring for 5 h at 60 °C,
the mixture was filtered to obtain a solid and wishing and vacuum drying J@-ABIM);][PF¢]. was obtained
as a yellowish solid (yield 72%jH NMR (DMSO, 400 MHz, ppm)s 9.45(s, 4H); 8.39(s, 2H); 8.28(d, 4H);

7.55-8.15(m, 8H); 5.55(s, 4H); 4.23(t, 4H); 2.08¢Hi).
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Scheme 1 The synthesis of [§km-ABIM),][PFg], (GDIL)

Density functional theory (DFT) simulation was memed using the Gaussian 09 software package. The

calculation was carried out using the DFT methoth \Biecke’s three-parameter hybrid exchange funatsoand
the Lee-Yang-Parr correlation functional (B3LYP)maying the 6-31G (d, p) basis set for all atom, [28]. The
possible 3D molecular structure model is shownhia Eig. 1. The structure of j@n-ABIM),]** consists of

zigzag bands of molecule[29].

® ¢ ¢
Fig. 1 The optimized structures of the J&-ABIM),]*" at the B3LYP/6-31G (d, p) level.
2.23 Preparation of poly-[C4(m-ABIM),][PFe)2 (PGDIL)

H

An electrochemical tri-electrode system was intastlifor electrochemical polymerization, in which,Au
Platinum wire, and Ag/AgCI electrode were used tas working electrode, counter electrode, and ratsre

electrode, respectively. The treated Au workingctetele was placed in acetonitrile solution contagnD.01
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mol/L  [C4(m-ABIM),][PF]. and 0.1 mol/lL sodium perchlorate (supporting etdgte), and the
poly-[C4(m-ABIM)][PFe]. (PGDIL) film was prepared on the surface of Aucelede by means of
chronoamperometric polymerization at constant gakeinf 1.2 V for 1800 s. The prepared PGDIL filmasv
rinsed repeatedly with double distilled water, thémed under 50 °C in the vacuum drying chambet. Al
electrochemical experiments were performed at ambb@m temperature under a nitrogen atmospherkthan

water used in the experiment was double distillatew

=

1.2 = instantancous

—— — continuous

— = experiment

0 20 40 60 80

Fig. 2 Current vs. time transient during the potentiosteliectropolymerization of GDIL at potential o1V. Inset:
comparison of the experiment curve with theoreticales from the Scharifker—Hills model

Chronoamperometry is an important diagnostic tepmifor the initial stage of electrocrystallizatif30].
Fig. 2 shows a current transient (CTT) recordednduthe polymerization of GDIL monomer at 1.2V. The
electropolymerization process should be hardlycédid by other reactions. The CTT can be divided thtee
regions. In the first region (t< 2 s), the decreiasexidation current is related to charging of thmible layer due
to the specific adsorption of GDIL on the Au eledi. The second region corresponds to the incrieate
oxidation current up to a maximum, which is typiacdl nucleation and growth processes. The thirdoregi
corresponds to the decrease in the oxidation ctimndrich is typical of a diffusion controlled praase An analysis
of the CTT was performed by fitting the experimérdata to a dimensionless theoretical curve forsiaty
nucleation and diffusion controlled growth in thrdienensions (3D), as proposed by Scharifker ants HBI1].

The instantaneous and progressive theoreticalitmatssare given by Eqgs. (1) and Egs. (2), respelgtiv

i 2

i2 _1.9542

== {1 - exp[-1.2564(t /ty)]} 2 (1)
I'm m

i2 _ 1.2054 2q 2

T {1- exp[-2.3367(t/ty) “1} ()
m
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In the equationi,, andt,, represent the maximum current density and itsespanding time, respectively.
The experiment data are fitted as shown in thetingd-ig. 2 Inset. The experimental curve conforimshe
theoretical curve of the instantaneous nucleatiavdeh Therefore, it can be concluded that instaedan

nucleation predominated at the oxidant peak pakfur the electropolymerization of GDIL.
2.4 Electrochemical properties of PGDIL film

The electrochemical properties of PGDIL film moddi electrode were investigated by electrochemical
impedance spectroscopy [32]. The prepared PGDIL&ectrode was placed in 5.0%x1nol/L Fe(CN)>"™
solution with 0.1 mol/L KCI as the electrolyte fayclic voltammetry(CV) test and AC impedance test
respectively, Platinum wire was used as the cowlemtrode, and an Ag/AgCI electrode (self-made3 wsed as
the reference electrode. The CV scanning rate w@S ¥/s and the scanning range was -0.2~0.6 V. The
electrochemical impedance frequency ranges fron©@0@Q@o 0.01 Hz, and the sine wave signal ampliigde
mV.

The Au electrode and PGDIL/Au film modified eleatmwere used as working electrodes, and stirred and
enriched for 3 min at open circuit potential, regtpely, and cyclic voltammetry tests were carrieat at a
scanning rate of 0.5 V/s in the range of 0~1 V ptiék The electrochemical behaviors of the Au &lete and
PGDIL/Au electrode in NabPO,—CsHgO; (pH=5) buffer solution containing 0.15 mmol/L ploénvere studied.
After each test, the phenol adsorbed on the sudatee electrode can be removed for continuoushgsyclic

voltammetry scanning in a blank base solution atanning rate of 0.1 V/s for 10 cycles. All elebttes were

deoxygenated w ith nitrogen before testing in otdeavoid the interference of oxygen in the solutio the test.

3. Results and discussions

Fig. 3(A) is a photo map of the PGDIL powder scagnélectron microscope. As shown in the picture, th
PGDIL powder is composed of homogeneous, stackglierial particles, which is similar in shape tosio
conductive polymers. The PGDIL membrane is loosd parous, which is beneficial to the adsorption of
contaminants in the film.

In order to gain further insight into the structwkthe PGDIL and GDIL, the IR spectrum of the pobr
powder was collected, as shown in Fig. 3(B). In EéR spectra of PGDIL, the bands at 3158 tand 3106
cm *, which are attributed to the C—H ring stretchirilgration of the aromatic rings (imidazolium and bene)
[33], are clearly visible, and then shift to loveduency regions, vibrating 3057 and 2999 tmespectively.
Since mordaydrogen bonds(C—H- - - F) were formed after polyraédn, the C—H bond length increased, the bond

force constant decreased, and the absorption wavssushifted red [34]. 3556 c¢hand 3452 ¢ signified the
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stretching vibration band of N—H (primary aminej)e shoulder band at 3324 ¢nas the N—H frequency
doubling peak of the bending vibration, while 346" was the stretching vibration band of N—-H (secopdar

amines), and the shoulder band 3324 ctepicted the N—H frequency doubling peak of begdibration [35].

Transmittance (%)

SEI 5.0kvV  X19,000 1um WD 10.3mm

1250
[l 1 1 1 1 1 1

3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)

©

(Hydrogen atoms not shown for clarity)

Fig. 3 (A) SEM diagram of PGDIL. (B) The IR spectra of &xnd PGDIL. (C) Schematic diagram of PGDIL
molecular structure (Hydrogen atoms not shown farity)

Comparing the red curve (GDIL) with the black cufREDIL), the peak at 1312 ¢hmay be attributed to
the C—N stretching vibration band of ph—Ntnd the peaks in the range of 1700 dm 1400 crit belong to the
N-H deformation vibration (1609 ¢hand the stretching vibration band of C=C and Gr@romatic rings,
imidazole ring deformation at 924 &mP—F stretching vibration and N—H (primary aminesf-of-plane bending
vibration at 830 ci (broad peak) [36], C—(CH—C skeletal vibration at 739 émC—H (1,3-di substituted
benzene ring) out-of-plane bending vibration at 682" are observed respectively in the infrared spesfrine
GDIL monomer [37]. While in the infrared spectraR@DIL, the peak at 1329 ¢hbelongs to the C—N stretching
vibration of the benzene-quinone ring variant, pleak at 1250 crhis assigned to the conjugate C=N stretching

vibration in the quinone ring structure, and 1108*cbelongs to the N=Q=N, Q==B and B-NH-B
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stretching vibration [38], an imidazole ring defation at 920 ci, P—F stretching vibration at 835 ¢nisharp
peak), which means the —Niroups participate in the polymerization reactéod convert into —-NH— or —N=,
the C—(CH)~C skeletal vibration at 744 émC-H (1,3,5-tri substituted benzene ring) out-lafae bending
vibration at 652 cr are observed, respectively [37]. However, theairgd spectra of PGDIL is quite different to
that of GDIL in the range of 1700 &hto 1400 crit due to the benzenoid diimine and quinoid diamincstires
formed by polymerization of anilino groups of GDAthich is similar to that of polyaniline (as shownhig. 3(C))
[39].

Combined with the infrared spectra above, it cardéermined that the polymer formed by the succaéssf
polymerization of aniline groups of GDIL monomesstebenzenoid diimine and quinoid diamin structsiajlar
to that of polyaniline, and it is a partially oxxéd and reduced structure. In addition, the syigh@®cess of
PGDIL is shown in Scheme 2.

HN NH,

PFB- PFE-
+ + . o
O N AN N=C.Hg—N ~ N @ electrochemical polymermallon-k
\—/ \—/ -

Y, & %, s

NH - HN H - HN
) PFe PFs

+ N At
\ PFG- PFG-
NP N—CHs— NN

N N
NH N H

N
NH
- N -
PFg” PF¢ PFg PFB
+ +
ﬁAN_CqHB_N&; Né\N—C“Ha—NAN
\—/ \—/ \=—/ \—/

Scheme 2 The synthesis process of PGDIL.

N—C4Hg—N

HN

Fig. 4(A) is a cyclic voltammetry curve of bare And PGDIL/Au electrode in 5.0xE@nol/L Fe(CN)>"™*
solution. The ability of the film to block electrertan be determined by the reversibility of redeaks and the
peak current, which is to detect the change in gnags before and after electrode modification.ties diagram
shows, Fe (CI\J;)°"/4' probes on the Au and PGDIL/Au electrode surfatbale obvious redox peaks, but there are
great differences in the peak types. There is aqfabbviously reversible redox peaks on the baveefectrode,
while on the PGDIL/Au modified electrode, the retioic peak current and the anodic peak current by@asly

reduced, the peak-peak potential difference ine®aand the degree of irreversibility decreases;wimdicates
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that the polymer film modified on the electrode \pdes the Fe (CI\B"“’ probe molecule to encounter greater
obstacle, but the apparent presence of redox dsésndicates that the modified polymer film itatevely loose

and has better conductive properties.

100 -1400 (B) Cy
I K K
-1200 } H—% f . .
5() RN “" I‘. A’-
-1000 R, K K
g .
i ol § -800 .
= ~
N =600
50 b -400 | e
Au electrode 500 b L0 . T e Au electrode
—— PGDIL/Au electrode B ‘-‘ ---- PGDIL/Au electrode
_]OO L 1 1 1 1 1 0 I.‘ e 1 1 i 1
-2 0.0 2 4 6 0 500 1000 1500 2000 2500
LIV 7.1 /ohm

Fig. 4 (A) The cyclic voltammetry curves of PGDIL/Au aAd in the presence of 5.0 mmof-Ee(CN)*"* with 0.1
mol L'*KCl as electrolyte. (B) The EIS plots of PGDIL/AndAu in the presence of 5.0 mmot Ee(CN)*"* with 0.1
mol L KCl as electrolyte. Inset is the Randle's equiviabéncuit

Fig. 4(B) shows the AC impedance spectra of theaAd PGDIL/Au at potential of 0.3 V. It can be seen
from the graph that both the bare gold electrod# the polymer modified electrode have a semiciatldigh
frequency and a straight line at low frequencyaagwhich illustrates that the reaction procesdeb® Au and
PGDIL/Au electrode are controlled by electrocherigaction and diffusion. The real parts of the @dance
diagrams are the same, indicating that the solutiom resistances are the same during all electreaetions,
namely the electrolytes. The semicircle diametethefhigh frequency region of the modified elec&asl larger
than that of the bare gold electrode, which indisdhat the charge transfer resistance of therelgiet ions in the
film modified gold electrode is greater than thhthe bare gold electrode. The circular diametethef modified
electrode in high frequency region is larger thiaat of the bare gold electrode, which indicates tha charge
transfer resistance of the electrolyte ions inftlme modified gold electrode is greater than thatre bare gold
electrode. This is because the modified film islesnductive than the gold electrode and obstthet®lectrons
in reaching the electrode through the membraner.ldgethe process of dynamic control at the lowgérency
region, the relative velocity of reaction in kireprocess of the modified electrode is higher tihan of the bare
gold electrode because the frequency of each nedddlectrode is greater than that of the bare gl@ddtrode.
The slope of the straight line in the low frequemegion of the bare gold electrode is larger tHaat bf each
modified electrode, indicating that the diffusigsistance of the modified gold electrode is latpan that of the

bare Au electrode. The illustration is an equivaleincuit model based on the electrochemical impedadata

10
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fitting of the modified electrode, wherg Fepresents the solution resistance, agaddpresents the charge-transfer
resistance, which to some extent, reflects thempehfilm on the surface of the electrode. With rgéat R value,
the electronic transmission must overcome a ldogerier (denser and thicker film layer), which timn, leads to

a more difficult reaction. grepresents a double-layer capacitance and W reqsebee Warbury impedance.

Fig. 5(A) shows the cyclic voltammetry curves of fAGDIL/Au and Au electrodes in buffer solutioncdin
be seen from the diagram that the two electrode® m@ peak current response on the cyclic voltammet
measured in the phenol-free buffer, and the cuaveeat is close to QA, which indicates that the buffer solution
can be used as the supporting electrolyte for lsetrecatalytic reaction. When the concentratioploénol in the
buffer is 0.015 mol/L, there is almost no oxidatipeak on the bare gold electrode, and the electroidal
response is very weak, while there is a oxidatieakpat 0.7 V on the PGDIL/Au electrode, its oxidatpeak
type is obvious, and the electrochemical reactfgphenol on the electrode is completely irreversidlhe PGDIL
membrane has stronger adsorption capacity and higtiezhment efficiency to allow the phenol concatibn on

the electrode surface to increase, and thus tldatien peak current will increase.

12
—— PGDIL/Au-(buffer+C H,OH)
6 L N 1 =1.352+8.497*v 18
—— Au-(buffer+C,H.OH) 10 ’ < ‘
605 2 1 0.1V/s~0.9V/s
" 1=0.9981
Au-buffer

—— PGDIL/Au-buffer
4

Peak current

6
-2 - 4 '2Scamliﬁg rate (.\(;;’5)

2
O - = s

0 ;//_’_,_,_/

(A) 2 / (B)
) 1 1 ] 1 1 1 1 ! 1 1
5 4 6 ] 1.0 2 4 6 8 1.0
EIV EIV

Fig. 5 (A) Cyclic voltammograms of PGDIL/Au and bare Aeetrode with and without 0.015 mol/L phenol (Scarer
is 0.5 V/s). (B) CVs of 15mmol/L phenol with var®scan rates (0.1~0.9 WslInset: corresponding relationships
between the anodic peak currents and scan rates
To further study the mass transfer characteristigghenol on the PGDIL/Au composite membrane medifi

electrode, the cyclic voltammetry curves of the posite membrane modified electrode in 0.015mol/ergh
solution were measured when the scan rate waimatige of 0.1~0.9 V/s, as shown in Fig. 5(B)alt be seen
from the diagram that with the increase of the sede, the oxidation peak current increases andxidation

peak potential shifts positively, which indicatdsatt the oxidation of phenol on the PGDIL/Au eled&ois
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kinetically-controlled. Furthermore, using the adidn peak currenti) as the vertical coordinate and the scan
rate ¢) as the transverse coordinate, ith@ curve was obtained (Fig. 5(B) Inset). It was shakatl, ando are in
good linear relationship, which shows the react®noontrolled by the adsorption process. The liregration is
1,=1.352+8.4975, P=0.9981.

According to the laviron equation [40] for the wegsible reaction process controlled by adsorption,

Ep= Eo—ml ZTHKF o FInv B=1-a, the number of electrons involved in the reactiam be obtained from the
slope of the relation betweds, and I, that is, ——=0.0437, wherex is the transfer coefficient. For the

(1 ) F
irreversible adsorption control process of 0.5 known that T = 298.15 K, R = 8.314, F = 9650thal, and the
number of electrons involved in the reactiomis 1.175, close to 1. In other words, when the sicenrate is 0.5
V/s, the electrocatalytic oxidation of phenol onG film modified electrode is controlled by singkdectron
transfer.

Based on the above results, as shown in Fig. Wa# speculated that the electrocatalytic mechamfm
phenol is that phenol is adsorbed on PGDIL film ified electrode first, and with the rise of electeopotential,
phenol adsorbed on the PGDIL film modified elect&asl electrochemically activated and loses elesttorform
active intermediates with positive centers. Thigcpss is the control step, and then the protomiiskly lost to
form a large number of phenoxy radicals. It iswitidl oxidation stepthe continued electrochemical oxidation of
the phenoxy radicals would first result in the fation of hydroquinone (or catechahd then to benzoquinone.
The further reactions of the quinones are slow ti@as with the main products being organic acidsléic,

formic, oxalic acid), and finally mineralized torban dioxide and water [41, 42].

Hydroquinone Catechol a-Benzoquinone  B-Benzoquinone maleic acid

oH CO,+H,0
OH

6H,0

©,0H/‘ L

0O

Fig. 6 Electrocatalytic mechanism of phenol
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4. Conclusion

A novel ionic liquid 1,4-bis(3-(m-aminobenzyl)imigal-1-yl)butane bis(hexafluorinephosphate), coritejn

anilino groups, was synthesized and characteriZée. FTIR and NMR results showed that the synthesize

product was consistent with the target ionic liqutdirthermore, using the above ionic liquid as anomoer, a

novel PGDIL film was successfully prepared via aotibamperometry method. The SEM result revealetititea

morphology of the PGDIL was loose and porous coragoxf homogeneous, spherical, and stacked patticles

which was beneficial to the adsorption of contamtaan the film. The existence of polyaniline-likgits in the
PGDIL chain was confirmed by FTIR, indicating thia¢ anilino groups of GDIL was electro-polymerizadthe

surface of the Au electrode by the chronoampergnmagthod. The electrochemical performance of PGiihih

was studied, and it is found that the PGDIL flim dified electrode showed improved effects on phenol

electrocatalysis compared than that of the Au Bdélet It can be expected to be used in electroatedroatalytic
reaction of other organic compounds. It extendsrémge of poly ionic liquids and associates iomaitls with

conductive polymers again, but the related chenaindlelectrochemical properties need to be studitiler.
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Highlights

Anilino groups was introduced into ionic liquid structure to prepare
poly-ionic liquid

The ploy-ionic liquid containing polyaniline-like units

The modified electrode suggested to give a high sensitivity in detection

phenol
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