
Electrochimica Acta 357 (2020) 136788 

Contents lists available at ScienceDirect 

Electrochimica Acta 

journal homepage: www.elsevier.com/locate/electacta 

Note 

Avocado oil, coconut oil, walnut oil as true oil phase for ion transfer 

at nanoscale liquid/liquid interfaces 

Ran Chen, Kerui Xu, Mei Shen 
∗

Department of Chemistry, The Beckman Institute for Advanced Science and Technology, University of Illinois at Urbana-Champaign, Urbana, IL 61801, United 

States 

a r t i c l e i n f o 

Article history: 

Received 19 May 2020 

Revised 10 July 2020 

Accepted 16 July 2020 

Available online 20 July 2020 

Keywords: 

ITIES 

Nanopipette 

Oil 

Rate constant 

High viscosity 

a b s t r a c t 

The interface between two immiscible electrolyte solutions (ITIES), typically formed between an organic 

(oil) phase and an aqueous phase, is essential for chemical sensing and for studying various electron 

transfer and ion transfer reactions. Solvent, as part of ITIES structure, plays critical roles in electrochem- 

ical reactions at ITIES. While different kinds of organic phases, including viscous ionic liquid, have been 

reported, use of true oils as organic phase has rarely been explored. In this study, we introduce true oils, 

including avocado oil, coconut oil, and walnut oil as new organic solvents for ITIES. We observed well de- 

fined potential windows, and sigmoidal cyclic voltammograms for ion transfer. We further measured the 

ion transfer rate constants at true oil-water interfaces supported at nanopipette of ∼20–60 nm in radius. 

Our study offers additional insights on the effect of solvent viscosity on the ion transfer rate at the liq- 

uid/liquid interface, with the viscosity of these true oils being ∼ 50–70 times that of 1, 2-dichloroethane. 

We measured the standard ion transfer rate constants of tetrabutylammonium to be 0.21–0.32 cm / s at 

these true oil-water interface. This work lays the foundation to expand ITIES platform to explore new 

reactions, playing critical roles in separation science, chemical sensing, chemical synthesis, catalysis, etc. 

© 2020 Published by Elsevier Ltd. 
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. Introduction 

The interface between two immiscible electrolyte solutions

ITIES) have become a powerful platform for chemical sensing and

or studying a large variety of electron transfer and ion trans-

er reactions [1–8] , including interfacial catalysis [9–11] , nanoparti-

le synthesis [12 , 13] , neurotransmitter detection [14–22] , metal ion

etection [23–27] , etc. This interface is formed between two liq-

id solvents of a low (ideally) mutual miscibility, with one solvent

eing usually water and the other one is a polar solvent (organic

hase or oil phase) of a moderate or high dielectric permittivity

28] . Marcus proposed an ion-transfer theory based on the recog-

ition that an ion-transfer reaction involves a mechanism for initi-

ting a desolvation from the initial liquid and concerted solvation

y the receiving liquid [1 , 29] . Solvents as part of ITIES structure

30] plays critical roles in electrochemical reactions at ITIES. 

Common organic solvents in ITIES studies include 1,2-

icholoroethane (DCE) [3 , 5 , 23 , 31–33] , 1,6-dichlorohexane (DCH)

34–36] , dichloromethane (DCM) [37] , dichlorobenzene (DCB) [38–

0] , nitrobenzene (NB) [31 , 41–45] , o -nitrophenyloctyl ether (NPOE)

46–48] , and benzene [49 , 50] . At macroITIES or micro ITIES, other
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inds of organic solvents have been reported, such as room-

emperature ionic liquids [51–54] , the lower density organic sol-

ents (i. e. 2-hepatanone, 2-octanone, valeronitrile, caprylonitrile,

-decanone, 3-nonanone, 5-nonanone), and mixed organic solvents

o study the effect of solvent on the potential window and transfer

otential [55 , 56] , etc. In contrast to macro- and micro-ITIES, ex-

loring new solvents have been very limited at nanometer-sized

TIES electrodes (nanoITIES), with few studies focusing on ionic liq-

ids [57] and octanol [58] . Here, we introduce true oils including

vocado oil, coconut oil, and walnut oil as new solvents for organic

hase at ITIES ( Fig. 1 ). This is the first time where these true oils

re demonstrated as organic solvents for ITIES electrodes at any

ize. 

Avocado oil, coconut oil, and walnut oil as organic solvents have

dvantages of low cost, non-toxicity, and easy accessibility. On the

ther hand, their viscosities are ∼ 50–70 times that of DCE [59–

1] (Table S4) High viscosity slows down the mass transfer in

he oil phase, which further affects the ion transfer across ITIES

29 , 62] . Girault and Shao studied the effect of viscosity of aque-

us phase on ion transfer by adding sucrose to water [18] . Existing

tudies with viscous organic solvents are mainly about ionic liquids

IL) [ 51–54 , 57] , where the potential windows of the water/IL inter-

aces were characterized [51–54] and ion transfer across IL-water

nterfaces were observed [ 51–54 , 57] . Among these studies, Mirkin

https://doi.org/10.1016/j.electacta.2020.136788
http://www.ScienceDirect.com
http://www.elsevier.com/locate/electacta
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Fig. 1. True oils including avocado oil, walnut oil, coconut oil are introduced as 

organic solvent for ITIES supported at a nanopipette. Ion transfer kinetics at true 

oil-water interfaces are studied. Inset: TEM picture of the nanopipette. 
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Scheme 1. Determination of the onset potentials. The baseline current( i base ), the 

capacitive current( i c ), the onset current in the positive direction( i pos ), and the onset 

current in the negative direction( i neg ) were defined. The potentials at i pos and i neg 
are the onset potential in the positive direction, E pos , and in the negative direction, 

E neg , respectively. 
and co-workers have successfully determined the TBA transfer ki-

netics at nano IL-water interface, with rate constants of more than

an order of magnitude lower than those obtained at DCE/water in-

terface [57] . Here we introduce a new type of high viscosity or-

ganic phase, i.e., avocado oil, coconut oil, and walnut oil. It is un-

known how the ion transfer kinetics at avocado oil/water, coconut

oil/water, walnut oil /water interfaces are affected by the high vis-

cosity of these oils. We studied the ion transfer kinetics at these

true oil-water interfaces supported on nanopipettes of ∼ 20–60 nm

in radius. This work offers additional insights on the effect of vis-

cosity on the ion transfer rate at the liquid/liquid interface. 

We unveiled that these true oil–water interfaces have well-

defined potential windows. We observed sigmoidal cyclic voltam-

mograms for ion transfer at nanoscale avocado oil-, coconut oil-

, and walnut oil-water interfaces, as expected for nanoelectrodes

[62] . Ion transfer at true oil-water interface fit well to Butler–

Volmer model, with measured rate constants (up to 0.32 cm/s) not

significantly smaller compared to that at DCE / water interface

( ∼1.25 cm/s), considering viscosity of true oils are 50–70 times that

of DCE. 

2. Experimental 

2.1. Reagents and apparatus 

Sodium chloride (NaCl) was from EMD Chemicals (Gibb-

stown, NJ). Potassium chloride (KCl) was from VWR International

(Radnor, PA). Magnesium chloride hexahydrate (MgCl 2 • 6H 2 O)

was from Amresco (Solon, OH). Magnesium sulfate (MgSO 4 )

and 4-(2-hydroxyethyl) −1-piperazineethanesulfonic acid (HEPES)

were from Fischer Scientific (Pittsburgh, PA). Calcium chloride

dihydrate (CaCl 2 • 2H 2 O), tetradodecylammonium (TDDA) chlo-

ride, tetrabutylammonium chloride (TBACl), 1, 2-dichloroethane

(DCE), N, N -dimethyltrimethylsilylamine, sodium sulfate (Na 2 SO 4 )

were purchased from Sigma-Aldrich (St. Louis, MO). Potassium

tetrakis(pentafluorophenyl) borate (TFAB) was purchased from

Boulder Scientific Company (Mead, CO). Coconut oil was purchased

from Ventura Foods LLC (Brea, CA), walnut oil was purchased from

AAK UK Ltd (Hull, England), and avocado oil was purchased from

Primal Nutrition LLC (Oxnard, CA). All the aqueous solution was

made with 18.3 M � cm deionized water. We used artificial sea-

water (ASW) containing the following: 460 mM NaCl, 10 mM KCl.

10 mM CaCl 2 , 22 mM MgCl 2 , 26 mM MgSO 4 and 10 mM HEPES (pH

7.8) in 18.3 M � cm deionized water as the aqueous solution. The
FAB salt of TDDA (TDDATFAB) was prepared by metathesis as re-

orted previously [20] . 

Nanopipette electrode fabrication, characterization and elec-

rochemical measurements. The nanoITIES electrodes were fabri-

ated using procedures reported in recent work [19 , 20 , 22 , 63–67] .

riefly, nanopipettes of 20–60 nm radius were prepared by laser

ulling quartz capillaries (Sutter Instrument Co., Novato CA; 1 mm

uter diameter, 0.7 mm inner diameter, 7.5 cm length) using a P-

0 0 0 Laser Puller (Sutter Instruments Novato, CA). The glass sur-

ace of the nanopipettes was treated via silanization reaction with

, N -dimethyltrimethylsilylamine to convert glass surface from hy-

rophilic into hydrophobic, thus ensuring the formation of stable

il-water interfaces at the orifice of the nanopipette. The nanoITIES

ipette was backfilled with an oil solution of 0.1 M TDDATFAB dis-

olved in different oil solvents with a 10 μL Hamilton syringe. The

lling solution was forced to the nano-tip using gentle vibrations.

 Pt wire was inserted into the filled pipette as reported in recent

ork [19 , 20 , 22 , 65 , 68] . The nanoITIES pipette was placed in ASW.

SW was used as the aqueous solution because it is the biological

ellular medium for our commonly used neuronal model, Aplysia

alifornica [63 , 64] , and by studying ion transfer in this media, fu-

ure biological work related to ASW can be facilitated. The radius

f the nanopipettes was calculated from the TBA transfer current

sing Eq. (2) . A Transmission Electron Microscope (TEM) (Philips

M200, FEI Co., Hillsboro, OR) was also used to confirm the radius

f the nanopipettes under a 120 kV electron beam. 

All electrochemical measurements were performed using either

 CHI 920D potentiostat (CHI Instruments, Austin, TX) or a CHI760E

otentiostat (CHI Instruments, Austin, TX). We used cyclic voltam-

etry (CV) to measure the potential window and to study the ion

ransfer at these new interfaces. We used a two-electrode configu-

ation [19 , 20 , 22 , 65 , 68 , 69] , where a potential was applied between

he inner Pt wire and the outer Ag/AgCl reference electrode. Nega-

ive potential is for positive ion transfer from water to oil, seen as

ositive current, as commonly reported [3 , 19 , 20 , 22 , 36 , 57 , 66 , 68 , 69] .

Analysis of the onset potential in the positive direction, E pos ,

nd in the negative potential, E neg . To make a quantitative com-

arison between the potential windows of different true oil-ASW

nterfaces, TBA was added to ASW as the internal standard at each

il-ASW interface, and the potential was reported with respect to

he half-wave transfer potential of TBA, E 1/2 ,TBA 
oil . As shown in

cheme 1 , to determine E pos and E neg in the background CVs, the

aseline current ( i base ) and capacitive current ( i c ) were first deter-

ined from the capacitive current region of the CV. i base is de-

ned as the average current of the forward and reverse scan in

he capacitive current region. i c is half of the absolute current gap

etween the forward and reverse scan at capacitive current re-



R. Chen, K. Xu and M. Shen / Electrochimica Acta 357 (2020) 136788 3 

g  

a  

l  

a  

t  

E

2

 

i  

p  

w  

t  

t  

k  

i  

d

 

s

 

r

 

t  

i

i

w  

c  

c  

c  

(  

n

c  

h

m

m

w  

u  

p  

E  

c  

E  

o

m

 

e

 

i  

a

i  

w  

t  

f

Table 1 

Parameters used for simulation of ion transfer voltammograms. 

Constant Value Definition 

z 1 Number of charges 

F 96,485 C/mol Faraday constant 

R 8.314 J/mol K Gas constant 

T 298 K Temperature 

c 1 5.0 (or 0.5) mM Ion (TBA) concentration in oil 

phase 

c 2 2.0 mM Ion (TBA) concentration in aqueous 

phase 

D 2 5.1 ×10 −6 cm 
2 /s [65] Diffusion coefficient of the ion in 

aqueous phase 
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ion. The onset current in the positive direction, i pos , is defined

s i pos = i base – 2 × i c and the potential corresponding to i pos in the

ower capacitive current trace is E pos . The onset current in the neg-

tive direction, i neg , is defined as i neg = i base + 2 × i c and the poten-

ial corresponding to i neg in the upper capacitive current trace is

 neg . 

.2. Kinetics analysis of ion transfer across the oil/water interface 

Overview. The kinetics of the TBA transfer across the oil / water

nterface was measured at nanoITIES and analyzed using the re-

orted method [70 , 71] . Experimentally speaking, the nanopipettes

ere filled with an oil phase containing 5 mM (or 0.5 mM) TBA and

he aqueous phase contained 2 mM TBA. The voltammogram for

he ion transfer was collected and then analyzed to determine the

inetic parameters. We include below the methodologies described

n the original work by Mirkin and Amemiya groups [70 , 71] , with

escription modified to fit our study. 

To extract the kinetic parameters from experimental steady-

tate voltammograms, we employed the following equation: 

i 

i ing 
= 

1 
m ing 

m eg 
+ 

m ing 

k b 
+ 

k f 
k b 

(
k f 

k b 
− c 1 

c 2 

)
(1) 

We describe in the following subsections about each of the pa-

ameters included in the above equation. 

The limiting current of the ingress process, i ing . i ing corresponds

o the ion transfer from the external solution (i.e. aqueous phase)

nto the nanopipette. It can be described as: 

 ing = 4 xzF D 2 c 2 a (2) 

here z is the number of charges of the ion, D 2 is the diffusion

oefficient of the ion in the outer aqueous phase, c 2 is the bulk

oncentration of the ion in the outer aqueous solution, F is Faraday

onstant, and x is a parameter related to the RG of the nanopipette

 RG = r g / a , r g and a are the outer radii and inner radii of the

anopipette) [72] . Here, RG = 1.4, and x = 1.23. 

Mass transfer coefficient of ingress (m ing ) and egress (m eg ). m ing 

an be calculated using expression below, where all parameters

ave been defined above. 

 ing = 

4 x D 2 

πa 
(3) 

For m eg , it is described in Eq. (4) , 

 eg = 

4 f ( θ ) D 1 

πa 
(4) 

here D 1 is the diffusion coefficient in the oil phase, f( θ ) is a tab-
lated function of the tip taper angle, θ [73] . However, in our ex-

eriments D 1 is unknown for food oils, thus calculating m eg using

q. (4) directly can be difficult. As an alternative method to cal-

ulate m eg , we rearranged Eq. (4) by replacing f ( θ ) D 1 based on

q. (6) to generate new Eq. (5) . This way, we calculated m eg with-

ut knowing the exact value of D 1 : 

 eg = 

4 f ( θ ) D 1 

πa 
= 

i eg 

zF C 1 a 2 
(5) 

In Eq. (5) , all parameters can be obtained as described above,

xcept i eg and c 1 , which is defined in next section. 

The limiting current of egress process , i eg . i eg corresponds to the

on transfer from the internal solution (i.e. oil phase) to the outer

queous solution. It can be described as: 

 eg = 4 f ( θ ) zF D 1 c 1 a (6)

here D 1 and c 1 are the diffusion coefficient and bulk concentra-

ion in the internal oil phase, respectively, and f( θ ) is a tabulated
unction of the tip taper angle, θ [73] . . 
Heterogeneous ion transfer rate constant k f and k b . k f and k b are

he heterogeneous ion transfer rate constant of the ingress process

nd egress process, respectively. They are described by the Butler-

olmer model [28] : 

 f = k 0 exp 

[ −αzF 

RT 

(
�ϕ − �ϕ 

0 ′ 
i 

)] 
(7) 

 b = k 0 exp 

[ 
( 1 − α) zF 

RT 

(
�ϕ − �ϕ 

0 ′ 
i 

)] 
(8) 

here k 0 is the standard heterogeneous ion transfer rate constant,

 is the gas constant, T is temperature, α is the transfer coeffi-

ient, �ϕ is the Galvani potential difference between the two liq-

id phases, and �ϕ 
0 ′ 
i 

is the formal transfer potential of the ion.

he formal potential can be determined from the potential value

t zero current in the voltammogram, �ϕeq , as described by: 

ϕ eq = �ϕ 
0 ′ 
i + 

RT 

zF 
ln 

c 2 
c 1 

(9) 

Constants and parameters used for analysis Table 1 . The constants

nd parameters used in Eqs. (1) - (9) are listed in. 

Simulation of the experimental data to determine α and k 0 . We

sed Eq. (1) to generate the theoretical voltammogram to fit exper-

mental voltammograms. The parameters in Eq. (1) are described in

quations (2) through (9) as detailed above. More specifically, we

rst obtained i ing and i eg from the experimental voltammograms,

hich were then used in Eq. (2) to calculate a , and in Eqs. (3) and

5) to obtain m ing and m eg , respectively. i ing , i eg , m ing , m eg , and the

arameters listed in Table 1 were constants for a given experimen-

al voltammogram. Then we determined �ϕeq from the experi-

ental voltammogram and calculated �ϕ 
0 ′ 
i 
based on Eq. (9) . We

urther calculated k f and k b using Eqs. (7) and (8) at the corre-

ponding potential, �ϕ, of the experimental voltammogram; ini-

ially, we used arbitrary preset values of α and k 0 (e.g. α of 0.5 and

 
0 of 1.0 cm/s), which will be adjusted until the best fit between

heoretical and experimental voltammograms. Finally, we plotted

he current i as a function of �ϕ using Eq. (1) to generate the

heoretical voltammogram, which will be fit to the experimental

oltammogram to determine α and k 0 values. 

. Results and discussion 

.1. Potential window of coconut oil-, water, avocado oil-, water and 

alnut oil-, water interfaces 

We measured the potential windows of these true oil-water in-

erfaces, with the cell diagram shown below: 

Cell 1 (oil : avocado oil , coconut oil , walnut oi) : 

Pt | 0 . 1 M TDDATFAB (electrolyte ) + oil || artificial sea water (ASW) | AgCl | Ag 
Nanopipette Outer aqueous solution 
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Fig. 2. The background CVs (red curve) at (A) avocado oil-, (B) coconut oil- and (C) walnut oil- ASW interfaces. Cyclic voltammograms of TBA transfer were shown as black 

curves. TBA concentrations were 5 mM in the aqueous phase only. Similar results were observed from at least three different pipettes for each of the oil phases. The potential 

was reported with respect to the half wave transfer potential of TBA across the corresponding true oil-ASW interface, E 1/2 ,TBA 
oil . Pipettes of different sizes were used in A, B 

and C. Scan rate: 25 mV/s. . (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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We present in Fig. 2 the background cyclic voltammograms

(CVs) at nano avocado oil-, coconut oil-, walnut oil-ASW interfaces,

respectively. In Fig. 2 , at each true oil-ASW interface, the back-

ground CVs were plotted with respect to the half wave transfer

potential of TBA, E 1/2 ,TBA 
oil . 

To study the potential windows of different oils quantitatively,

we compared E neg and E pos of each voltammogram, with E neg being

the onset potential at the negative direction and E pos being the on-

set potential at the positive direction of the CVs. The procedure of

determining E neg and E pos are detailed in the Experimental section.

E neg and E pos for avocado oil-, coconut oil-, walnut oil- and DCE-

SW interfaces are summarized in Table S3. Less negative E neg for

avocado oil, coconut oil, and walnut oil was observed compared to

DCE with �E neg being 0.272 ( ± 0.022) V, 0.320 ( ± 0.026) V and

0.295 ( ± 0.038) V, respectively. This suggests that coconut, walnut,

and avocado oils might be less favorable for the detection of cer-

tain cations. A big advantage could be easier detection of cations

existing in ASW. Avocado oil, coconut oil, and walnut oil all have

more positive E pos compared to DCE, with �E pos being 0.160 ( ±
0.031) V, 0.198( ± 0.019) V and 0.136 ( ± 0.022) V, respectively. This

extended potential window at the positive direction could enable

the detection of anion species that otherwise would be difficult in

DCE. Additionally, in the supporting information and Fig. S2, we

showed one example to demonstrate that the earlier onset positive

potential ( E pos ) at the DCE-ASW interface affects the CV measure-

ments. The difference in E pos and E neg among the three oils might

be related to the composition of oils. The composition of the oils in

terms of saturated fat, mono-unsaturated fat and poly-unsaturated

fat provided by the vendors was shown in Table S1. According to

Table S1, coconut oil is largely composed of saturated fatty acids,

while avocado oil and walnut oil are largely composed of unsat-

urated fatty acids. These saturated fatty acids have a higher solu-

bility in water compared to the unsaturated fatty acids. The fatty

acid compositions are also consistent with the reported chemical

composition of the true oils measured using gas-chromatography,

as summarized in Table S2. 

3.2. Cyclic voltammograms of ion transfer at coconut oil-, walnut oil-

and avocado oil–water interfaces 

While we have shown that well-defined potential windows can

be achieved in coconut oil, walnut oil and avocado oil, it is un-

known if ion transfer (e.g. widely used standard compound in ITIES

studies, TBA) occurs on these true oil–water interfaces. Further-

more, if ion transfer does occur, would similar steady-state current

be achieved for TBA transfer at true oil–water interfaces compared

to a commonly used DCE-Water interface? To answer these un-

known questions, we prepared nanoITIES electrodes from a pair of
anopipette by pulling the same glass capillary, with each of the

airs denoted as a and b. Then we filled pipette-a with true oil

electrode-a) and the other corresponding pair (electrode-b) with

, 2-DCE to prepare two ITIES electrodes with the same size. Then

e measured TBA transfer using electrode-a to study its transfer

t oil–water interfaces and compared the steady-state current to

hat measured at electrode-b. The cell diagram for each true oil is

hown below unless otherwise noted. In cell 2, true oils are avo-

ado oil, walnut oil, coconut oil; x = 5.0 for coconut oil, and x = 0.5

or avocado and walnut oil. x = 0.5 was used for avocado and wal-

ut oils due to the lower solubility of TBA in these oils. 

Cell 2 : 

Pt | 0 . 1 M TDDATFAB + x mM TBACl + true oil || ASW + 2 . 0 mM TBACl | AgCl | Ag
Nanopipette Outer aqueous solution 

Ion transfer CVs were shown in Fig. 3 , where the transfer of TBA

as observed in all the three oil-ASW interfaces. We observed sig-

oidal shapes for TBA transfer voltammograms at these oil-water

nterfaces using electrode-a, as expected for nanoelectrodes [62] .

o analyze if the diffusion limiting current value corresponds to

he size of the nanoITIES electrode, we also measured the CVs us-

ng the corresponding electrode-b at the DCE-ASW interface (Figs.

1A, 1B and 1C). Similar steady state currents were observed in

lectrode-a and electrode-b. For example, a steady-state current

f ∼25 pA was measured at coconut-water interface (electrode-

, Fig. 3 B) and ∼ 27 pA at DCE-water interface (electrode-b, Fig.

1B). Considering similar tip radius for a pair of nanopipettes and

he same TBA concentrations, this result indicates that steady state

urrent as expected from theory was measured at these true oil–

ater interfaces ( Eq. (2) in experimental section). We further ex-

mined the ion transfer kinetics at avocado oil-ASW, coconut oil-

SW, walnut oil-ASW interfaces in the next section. 

.3. Kinetic analysis of ion transfer at coconut oil-, walnut oil- and 

vocado oil-water interfaces 

The theory and procedure for determining the ion transfer ki-

etics was detailed in the experimental section, where TBA was

dded to both the oil filling solution and aqueous phase. We first

easured the cyclic voltammogram corresponding to the ingress

f TBA into the pipette and the egress of TBA out of the pipette

 Fig. 1 ). Then we further simulated the experimental voltammo-

rams using theory to obtain the kinetic parameters, i. e. transfer

oefficient, α, and standard ion transfer rate constant, k 0 . We con-

rmed that our experimental setup works well using the reported

ethod [70 , 71] to determine kinetic parameters by obtaining DCE

inetics similar to literature (Fig. S3). α of 0.45 ±0.03 and k 0 of
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Fig. 3. Ion transfer cyclic voltammograms at avocado oil-ASW (A), coconut oil-ASW (B) and walnut oil-ASW (C) interfaces using electrode-a. Ion: TBA. The forward scans of 

the cyclic voltammograms were plotted. Scan rates: 25 mV/s. 

Fig. 4. Determination of the ion transfer kinetics from voltammograms at avocado oil-ASW (A), coconut oil-ASW (B) and walnut oil-ASW (C) interfaces, by fitting the 

experimental voltammograms (red solid lines) to the theoretical voltammograms (black dashed lines). The forward scan of the voltammogram was plotted. Ion: TBA. Scan 

rates: 25 mV/s. In Fig. A, TBA concentration in the aqueous solution was 5 mM. (For interpretation of the references to color in this figure legend, the reader is referred to 

the web version of this article.) 

Table 2 

Kinetic parameters at novel true oil-water interfaces for TBA transfer. 

Oil Transfer coefficient α Standard ion transfer rate 

constant k 0 (cm/s) 

Avocado oil 0.40 ±0.03 ( n = 3) 0.26 ± 0.05 ( n = 3) 

Coconut oil 0.46 ± 0.02 ( n = 3) 0.21 ± 0.04 ( n = 3) 

Walnut oil 0.55 ± 0.03 ( n = 2) 0.32 ± 0.14 ( n = 2) 

DCE 0.45 ± 0.03 ( n = 9) 1.25 ±0.38 ( n = 9) 
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.25 ±0.38 cm/s were measured for TBA transfer at DCE-water in-

erface, which was similar to that reported in the literature for TBA

68] as well as α and k 0 measured for tetraethylammonium (TEA)

nd tetramethylammonium (TMA) at DCE-water interface [69] . 

Representative experimental voltammograms (red solid curve)

or kinetics analysis at avocado oil-, coconut oil-, walnut oil-ASW

nterfaces were shown in Fig. 4 . These experimental voltammo-

rams fit the simulated voltammograms (black dashed curves). We

urther determined α and k ° from the best fitting. The averaged

ransfer coefficients and standard ion transfer rate constants for

BA transfer at these true oil-ASW interfaces were summarized

n Table 2 . Measured transfer coefficients at avocado oil-, coconut

il- and walnut oil–water interfaces ranges from 0.4 to 0.6, as

xpected for the typical electrochemical ITIES system [68 , 69 , 74–

6] . k ° for TBA transfer at avocado oil-, coconut oil- and wal-

ut oil-water interfaces were 0.26 ±0.05 cm/s, 0.21 ±0.04 cm/s and

.32 ±0.14 cm/s, respectively. 

These k 0 values for TBA transfer at these true oil-water inter-

aces were smaller compared to that at DCE-water interface; how-

ver, they appear to be slightly larger than k 0 at water-ionic liq-

id interface ( k 0 = 0.12 ±0.02 cm/s) [57] . One possible explana-

ion is the difference in viscosity (Table S4). It has been proposed

hat higher viscosity leads to a slower k 0 due to a slower diffu-

ion across the boundary layer [18 , 57] . Based on the slow inter-
acial diffusion model [77 , 78] , a boundary layer occurs when the

wo phases (water and oil) are mixed, and k 0 = D i / �x , where D i 

nd �x are the diffusion coefficient within and the thickness of the

oundary layer. Coconut, walnut, and avocado oils have higher vis-

osity (a smaller D i ), thus a smaller k 0 . A second possible explana-

ion for the difference in k 0 values could be related to variation in

olvation energy changes when TBA transfer from water to true oil

hases compared to DCE [29 , 30 , 79] , considering ion-transfer the-

ry proposed by Marcus that an ion-transfer reaction involves a

esolvation from the initial liquid and concerted solvation by the

eceiving liquid. As shown in Table S2, these true oils have differ-

nt solubility in water compared to DCE in water. 

. Conclusion 

New types of true oils, including avocado oil, coconut oil, and

alnut oil, are presented for the first time as new organic sol-

ents for nanoITIES studies. We have successfully observed ion

ransfer (IT) at these new oil–water interfaces. At the nano true

il–water interface, sigmoidal cyclic voltammograms with diffu-

ion limiting current aligning with the theory were observed. We

easured the IT rate constants at these new true oil-water in-

erfaces. Despite the high viscosity of the true oils, IT kinetics at

he true oil–water interfaces fit the theory based on the Butler–

olmer model. Rate constants of IT at true oil–water interfaces

0.21–0.32 cm/s) are only slightly smaller than that at DCE-water

nterfaces (1.25 cm/s), while its viscosity is 50–70 times higher. Fur-

hermore, these true oil–water interfaces have distinguished poten-

ial windows. Our work lays the foundation for future work in ex-

loring true food oils as a new organic phase in the field of ion

ransfer and beyond, impacting various fields of chemical sensing,

atalysis, separation, and chemical synthesis. 
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