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Abstract:- The demand for versatile energy storage is continuously increasing day by day as we are moving towards modernity. Electrical 

energy produced from renewable &non-renewableresources. Nonrenewable resources are used for producing electricity since last 300 years but 

because of pollution problems we are moving towards more clean sources of energy production. This demand of clean electrical energy lights up 

the use of Redox flow batteries to store energy & supply when there is a use. Redox flow battery uses inorganic materials but  because of 

expensive metal used in electrolytes it causes a concern & generates the need of low cost material. 

The solution to this problem is given by organic compounds that have high voltage, high charge capacity. Hence this review focuses on 

preparation of Organic based redox flow batteries.It discusses fundamental developments related to Redox flow organic batteries. 
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Introduction: 

Redox flow energy batteries provide solution to energy 

storage at large scale. As energy demand is increasing from 

alternate renewable resources these energy storage devices 

are also needed to meet demands of electricity. In recent 

years’ various developments have been made to produce 

electricity from non-conventional sources & this energy 

needs to be stored to make its supply continuous. Robust 

energy storage devices are required to deliver stable & 

flexible electricity that follow standard for voltage & 

frequency for grid connected or off grid [1, 2]. In last 30 

years, many energy storage techniques have been developed. 

Electrochemical method is one the most attractive methods 

to store energy. This method involves 2 categories: (A) Fuel 

Cell (B) Rechargeable Batteries. 

Electrochemical method involves Redox reaction at 

respective electrodes present in the system. Rechargeable 

batteries are based on principle of electrochemical process. 

It involves metal & metal ion which undergo chemical 

reaction and store energy in form of electromotive force. 

Redox flow battery is recognized as one of the most 

attractive methods amongst electrochemical technologies for 

energy storage in range of up to tens of MW/MWH [3]. 

RFBs store all charge in electrolytes recirculated through the 

cell whereas in rechargeable batteries, charge is stored 

entirely within the cell. This method of charge storage 

enables RFBs to be more safe & economical than 

conventional batteries. 

RFB is economic & efficient way because of its very high 

potential, high efficiency & extremely long charge/discharge 

cycle life. Other important features of this technology are 

scalability, flexibility & long durability, fast responsiveness 

& reduced environmental impact. 

RFB is based on oxidation-reduction reaction which occurs 

in two liquid electrolytes. These electrolytes can be 

inorganic, organic & hybrid.  

RFB can be more easily scaled than rechargeable batteries 

without incurring loss in power density only by increasing 

the electrode active surface area & storage capacity can be 

increased by increasing volume of the electrolytes & 

concentration. Various metal based RFBs have been 

developed. Vanadium RFB is example of most developed 

system & it is a good one because of its high reversibility & 

large output but its high cost prevents it from market 

penetration. So need of economical RFB led to development 

of organic based RFBS. Organic molecule may yield high 

cell voltage with simple change in their chemical structure 

& with introduction of some polar groups, solubility can be 

increased.  

Organic (Hydrocarbon) compounds can provide the 

possibility of a high solubility in both aqueous & non 

aqueous electrolytes. For example  

1) Quinoxaline is soluble up to 4.0 mol/dm
3
 in potassium 

hydroxide solution. Its solubility can be reduced by addition 

of salts & solvents. 

2)Methyl p-benzoquinone has a solubility upto 6.0 

mol/dm
3
in acetonitrile [4].  

In aqueous system, it’s a very difficult task to obtain high 

solubility & high voltage simultaneously. In contrast non 

aqueous system suffers from high electrolyte resistance, 

chemical instability, low utilization & crossover of 

materials. Some restrictions are there for both the systems 

that they should use low molar mass molecule to obtain 

higher specific capacity. Despite these limitations, the 

energy density of organic – inorganic system in aqueous (16 

Whdm
-3

) and non-aqueous (200 Whdm
-3

) [5] is nearly 

comparable to commercial RFBs in aqueous (35 Whdm
-3

) 

and non-aqueous (240 Whdm
-3

) batteries. Recently, 
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Dmelloetal  have assessed the design parameters of RFBs in 

both aqueous & non-aqueous electrolytes [6]. He 

recommended that the most effective approach to reduce 

overall cost of non-aqueous battery is to increase cell 

voltage and simultaneously decrease the cost contribution of 

both specific resistance of the battery and other are use of 

low molar mass active material and using low salt ratio. 

Organic based Redox flow batteries: 

(A) Organic – Quinine powders 

(B) Organic –  

a. Hydrogenated molecules 

b. Radicals and polymers 

(C) Organic – Polymer suspension 

Organic base is used for one electrolyte reaction or two 

electrode reactions. In most cases active species is dissolved 

in either aqueous or non-aqueous electrolyte and some 

organic materials are also used in the form of polymer. 

Metals are incorporated in organic mixture to increase the 

cell voltage. e.g., Zn (Ɛ° = -0.76 V), Li (Ɛ° = -3.00 V). 

Recent research and development in redox flow battery has 

focussed on synthesis and modification of new organic 

active molecule [7, 8, 9]. In non-aqueous electrolyte active 

molecule include transition metal complex achieve high 

overall cell voltage but these are restricted due to use of 

expensive metal such as Nickel, Ruthenium and Cobalt 

[10,11,12], limited solubilities of complexes and low 

efficiency. 

(1) Orgnic Molecules in aqueous electrolyte: Aqueous 

electrolytes have advantages in terms of cost and 

ionic conductivities. Aromatic compounds have 

higher redox (reduction) potential, suitable for 

positive electrode Organic compound, Quinine 

containing hydroxyl gp exhibit high reversibility 

for energy storage application [13, 14, 15]. These 

hydroxyl gp of quinone serves as liquid carrier of 

hydrogen in aqueous electrolyte. In this case 

energy is released by oxifising the hydroxyl group 

into corresponding aldehyde/ ketone. 

Six membered ring compound  containing N as 

hetero-atom ashow increase in redox potential 

relative to its carbocyclic analogue. Similar effect 

is indicated in five membered ring [16]. 

In aqueous solution, pH of the solution is a 

significant factor that influences electrochemical 

performance, water solubility of molecule as well 

as chemical stability of reaction products [17, 18, 

19]. 

(a) Quinone is used in RFB due to its reversible & 

stable nature in aqueous media [20] 

 

When protons are freely available in aqueous electrolyte, 

reduction of quinone molecule occurs. This feature of 

reduction of quinone enables RFBs to achieve high energy 

density and also enhance solubility in aqueous electrolyte 

[21]. Other members like benzoquinone, naphthaquinones 

and anthraquinone also show quinone type behavior in 

aqueous electrolyte [22]. The hydrogen bonding ability, 

polarity and acidity of these group helps in achieving high 

solubility. The formation of protonated hydroquinone 

through the reduction proves takes place over a range of pH 

(0.5, -9.5) in p-benzoquinone 82, 6-dihydroxy 

anthraquinone.  

(II) Acidic Anthraquinone – benzoquinone RFB:  

The first all organic RFB was introduced by Yang & 

Coworkers [23, 24, 25] 

 

 

Anthaquinone& 1,2 benzoquinone are nearly soluble. Their 

solubility is increased by adding sufuric acid and hydroxy 

acid. 

(III) Quinonaline acidic benzoquinone RFB:  

 

Brushett and coworkers  studied the use of quinonaline in 

aqueous system. The derivative of quinonaline have been 

used in dye sensitized solar cells and non-aqueous RFB 

[26]. It has high solubility in water because of its polar 
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nature. The capacity of 2 e
-
 transfer and low molecular 

weight lead to theoretical high specific energy Influence of 

pH, cation and anion were studied with the help of 

electrolytes composition.  

 

Recent studies show use of 1,2dihydrobenzoquinone 3,5-

disulfuric acid in acidic electrolyte at positive electrode and 

quinonaline at negative electrode in and alkaline electrolyte 

yields high cell voltage. 

(IV) Methyl viologen – hydroxyl TEMPO Redox flow 

batteries: 

Lics& coworkers suggested the use of such system where 

similar active species can easily dissolve in aqueous 

electrolyte [27]. Viologens are organic compound having 

molecular formula (C5H5NR) 
n+

 R -> alkyl group Tempo 

(2,2,6,6Tetramethylpiperidinyl) 

2) Organic-Inorganic RFB:- 

To enhance cell voltage, inorganic active material is mixed 

with organic active material at electrodes. The inorganic 

metal species such as zinc, bromine are of low cost 

introduced in organic active mixture to increase specific 

energy. This hybrid RFB has high energy density than all 

organic system. 

A) Acidic Anthraquinone-bromide RFB:- 

Redox flow batteries can also yield high cell voltage without 

involvement of metal in hybrid system. This type of 

example is studied by Aziz Efal. Anthraquinone is a low 

cost organic molecule which is prepared from anthracene 

that is abundant in crude oil [28]. Anthraquinone have low 

electrode potential, it is better for negative electrode. 

 

At positive electrode: - 

  Br2 +2H
+
   +2e

-
        ͢͢          2HBr +   E

0
= +1.09V 

2) Organic material in non-aqueous electrolyte: - 

Redox flow batteries in non-aqueous electrolyte operate at 

higher cell voltage. Many researches have been done for 

selecting such a redox system that has higher energy density 

& system efficiency. Matgudaetal  in 1988 demonstrated the 

first non-aqueous RFB based on Ruthenium Bipyridine 

complex with cell voltage 2.6 Volt [29]. Since then many 

such systems containing metal coordination complex have 

been studied [29, 30]. Low ionic conductivity in non-

aqueous electrolyte is one of the limitations suffered by it as 

compared to aqueous system which has high ionic 

conductivity. This low ionic conductivity is due to higher 

viscosity of organic solvent. In such case ionic conductivity 

can be enhanced by addition of salts containing cations e.g. 

tetraethyl ammonium perchlorate etc [31]. 

In some cases, propylene, diethyl carbonates also increase 

ionic conductivity & solubility of active species. 

A) All organic redox flow batteries: 

This system involves active organic species at both 

electrode reactions. The active molecules were mainly 

derivative of quinoxaline, anthraquinone&thiophene. Non 

aqueous solvents are mainly aprotic. Electron transfer in 

reaction involve formation of charged radicals, indicating 

fast reaction but long term poor stability of chemicals is a 

major concern. 

1) N-methyl Thalidomide -   TEMPO Redox flow 

battery 

The first non-aqueous all organic RFB was proposed by Li 

& coworkers using N-methyl phthalimide& TEMPO for 

negative & positive electrode reaction respectively [32]. 

This mixture has also been used in traditional Lithium ion 

battery to prevent over charge. 

At positive Electrode  

 

At negative Electrode 

 

2 Trimethyl p-quinoxaline-Trifluoro methyl-ethyl 

phenothiazine RFB 
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Polymer organic molecules RFB 

Organic molecule in polymer form exhibit some attractive 

properties like high charge discharge rates, high capacity 

and long cycle life. 

1. Zinc polymeric TEMPO hybrid RFB  

Polymeric tempo at positive electrode and cheap 

cost zinc at negative electrode produce hybrid flow 

battery. During charging process, TEMPO is 

oxidized and forms an Oxo ammonium cation 

[TEMPO+] in positive electrode and metallic zinc 

is deposited on negative electrode. During 

discharge process reverse process takes place. 

2. Lithium organic flow batteries  

This system combines the advantage of RFB and Li 

ion batteries. Electronegative Li present at negative 

electrode and liquid phase redox reaction occur at 

positive electrode.  

Since the number of other combinations were 

studied to increase voltage. The lithium TEMPO 

redox battery was demonstrated to get higher 

energy density by Takcchi and Coworkers [33]. 

Modified TEMPO was mixed with Lithium 

Trifluoro Methane salt to liquefy active molecule. 

The redox potential of resulting methoxy TEMPO 

was 3-6 volt vs. lithium. This Li organic hybrid 

RFB has highest columbic and energy efficiency 

than other organic based RFBs. 

Conclusion and future perspectives 

Number of research has been done for expending area of 

RFB in both aqueous and non-aqueous electrolyte but there 

is lot more to do. These aqueous and non-aqueous 

electrolyticsystems have many advantages resulting in 

higher cell voltage but there are many limitations, which 

must be solved to reach at high level of market penetration. 

In aqueous electrolyte, low solubility is a major challenge 

and in non-aqueous system high electrolyte resistance, 

chemical instability cross over of active material is the 

limitations. To get full use of these organic based RFB, 

these limitation have to overcome first and their cost should 

be low as of conventional batteries. This over all cell cost 

can be minimized only by increasing cell voltage. 

Organic molecules are unstable in aqueous and non-aqueous 

electrolyte so the reason of their instability find first as a 

result of this their stability can be improved by some 

substitution and by addition of some salts. Organic based 

RFB is a very good method amongst different 

electrochemical methods but need some improvement 

including cost and efficiency.  

Reference: 

[1] Skyllas-Kazacos M, Chakrabarti MH, Hajimolana SA, 

Mjalli FS, Saleem M. Progress in flow battery research 

and development. Journal of The Electrochemical 

Society. 2011 Aug 1;158(8):R55-79. 

[2] Leung P, Li X, De León CP, Berlouis L, Low CJ, Walsh 

FC. Progress in redox flow batteries, remaining 

challenges and their applications in energy storage. Rsc 

Advances. 2012;2(27):10125-56. 

[3] Noack J, Roznyatovskaya N, Herr T, Fischer P. The 

chemistry of redox‐flow batteries. Angewandte Chemie 

International Edition. 2015 Aug 17;54(34):9776-809. 

[4] Rueda García D. Design of new electroactive fluids for 

redox flow batteries based on quinones. 

[5] K. Takechi, Y. Kato, Y. Hase, A Highly concentrated 

catholyte based on a solvate ionic liquid for rechargeable 

flow batteries, Adv. Mater. 27 (2015) 2501e2506. 

[6] Dmello R, Milshtein JD, Brushett FR, Smith KC. Cost-

driven materials selection criteria for redox flow battery 

electrolytes. Journal of Power Sources. 2016 Oct 

31;330:261-72. 

[7] Gong K, Fang Q, Gu S, Li SF, Yan Y. Nonaqueous 

redox-flow batteries: organic solvents, supporting 

electrolytes, and redox pairs. Energy & Environmental 

Science. 2015;8(12):3515-30. 

[8] Moon Y, Han YK. Computational screening of organic 

molecules as redox active species in redox flow batteries. 

Current Applied Physics. 2016 Sep 1;16(9):939-43. 

[9] P.J. Cappillino, H.D. Pratt, N.S. Hudak, N.C. Tomson, 

T.M. Anderson, M.R. Anstey, Application of Redox 

Non-innocent ligands to non-aqueous flow battery 

electrolytes, Adv. Energy Mater. 4 (2014) 1e4. 

[10] Matsuda Y, Tanaka K, Okada M, Takasu Y, Morita M, 

Matsumura-Inoue T. A rechargeable redox battery 

utilizing ruthenium complexes with non-aqueous organic 

electrolyte.Journal of Applied Electrochemistry. 1988 

Nov 1;18(6):909-14. 

[11] Sleightholme AE, Shinkle AA, Liu Q, Li Y, Monroe 

CW, Thompson LT. Non-aqueous manganese 

acetylacetonate electrolyte for redox flow batteries. 

Journal of Power Sources. 2011 Jul 1;196(13):5742-5. 

[12] Liu Q, Sleightholme AE, Shinkle AA, Li Y, Thompson 

LT. Non-aqueous vanadium acetylacetonate electrolyte 

for redox flow batteries. Electrochemistry 

Communications. 2009 Dec 1;11(12):2312-5. 

[13] Liu Q, Shinkle AA, Li Y, Monroe CW, Thompson LT, 

Sleightholme AE. Non-aqueous chromium 

acetylacetonate electrolyte for redox flow batteries. 

Electrochemistry Communications. 2010 Nov 

1;12(11):1634-7. 

[14] Kim JH, Kim KJ, Park MS, Lee NJ, Hwang U, Kim H, 

Kim YJ. Development of metal-based electrodes for non-

aqueous redox flow batteries. Electrochemistry 

Communications. 2011 Sep 1;13(9):997-1000. 



International Journal on Future Revolution in Computer Science & Communication Engineering               ISSN: 2454-4248 
Volume: 4 Issue: 1                                                                                                                                                                            346 – 350 

_______________________________________________________________________________________________ 

350 
IJFRCSCE | February 2018, Available @ http://www.ijfrcsce.org 

_______________________________________________________________________________________ 

[15] Shinkle AA, Sleightholme AE, Thompson LT, Monroe 

CW. Electrode kinetics in non-aqueous vanadium 

acetylacetonate redox flow batteries. Journal of Applied 

Electrochemistry. 2011 Oct 1;41(10):1191-9. 

[16] Wang W, Sprenkle V. Energy storage: redox flow 

batteries go organic. Nature chemistry. 2016 

Mar;8(3):204. 

[17] Bailey SI, Ritchie IM, Hewgill FR. The construction and 

use of potential–pH diagrams in organic oxidation–

reduction reactions. Journal of the Chemical Society, 

Perkin Transactions 2. 1983(5):645-52. 

[18] Quan M, Sanchez D, Wasylkiw MF, Smith DK. 

Voltammetry of quinones in unbuffered aqueous 

solution: reassessing the roles of proton transfer and 

hydrogen bonding in the aqueous electrochemistry of 

quinones. Journal of the American Chemical Society. 

2007 Oct 24;129(42):12847-56. 

[19] Cappillino PJ, Pratt HD, Hudak NS, Tomson NC, 

Anderson TM, Anstey MR. Application of Redox 

Non‐Innocent Ligands to Non‐Aqueous Flow Battery 

Electrolytes. Advanced Energy Materials. 2014 Jan 

1;4(1). 

[20] Quan M, Sanchez D, Wasylkiw MF, Smith DK. 

Voltammetry of quinones in unbuffered aqueous 

solution: reassessing the roles of proton transfer and 

hydrogen bonding in the aqueous electrochemistry of 

quinones. Journal of the American Chemical Society. 

2007 Oct 24;129(42):12847-56. 

[21] Cheng L, Assary RS, Qu X, Jain A, Ong SP, Rajput NN, 

Persson K, Curtiss LA. Accelerating electrolyte 

discovery for energy storage with high-throughput 

screening. The journal of physical chemistry letters. 2015 

Jan 6;6(2):283-91. 

[22] Moon Y, Han YK. Computational screening of organic 

molecules as redox active species in redox flow batteries. 

Current Applied Physics. 2016 Sep 1;16(9):939-43. 

[23] Yang B, Hoober-Burkhardt L, Wang F, Prakash GS, 

Narayanan SR. An inexpensive aqueous flow battery for 

large-scale electrical energy storage based on water-

soluble organic redox couples. Journal of The 

Electrochemical Society. 2014 Jan 1;161(9):A1371-80. 

[24] Yang B, Hoober-Burkhardt L, Krishnamoorthy S, Murali 

A, Prakash GS, Narayanan SR. High-performance 

aqueous organic flow battery with quinone-based redox 

couples at both electrodes. Journal of The 

Electrochemical Society. 2016 Jan 1;163(7):A1442-9. 

[25] Narayan S, Prakash SG, Yang B, Hoober-Burkhardt L, 

Krishnamoorthy S, inventors; University of Southern 

California (USC), assignee. Inexpensive metal-free 

organic redox flow battery (ORBAT) for grid-scale 

storage. United States patent US 9,614,245. 2017 Apr 4. 

[26] Milshtein JD, Su L, Liou C, Badel AF, Brushett FR. 

Voltammetry study of quinoxaline in aqueous 

electrolytes. Electrochimica Acta. 2015 Oct 20;180:695-

704. 

[27] Brushett FR, Jansen AN, Vaughey JT, Su L, Milshtein 

JD, inventors; Massachusetts Institute of Technology, 

UChicago Argonne LLC, assignee. Materials for use 

with aqueous redox flow batteries and related methods 

and systems. United States patent US 9,812,883. 2017 

Nov 7. 

[28] Crossley ML. THE SEPARATION OF MONO-β-, 2, 6-

AND 2, 7-SULFONIC ACIDS OF 

ANTHRAQUINONE. Journal of the American Chemical 

Society. 1915 Sep;37(9):2178-81. 

[29] Chakrabarti MH, Roberts EP, Bae C, Saleem M. 

Ruthenium based redox flow battery for solar energy 

storage. Energy Conversion and Management. 2011 Jul 

1;52(7):2501-8. 

[30] Huang J, Jin N, Wang L, Chen X, Sheng X, Yang S, 

Zhao X, Sun L, Zhu M. Acoustic Source Localization 

with Distributed Smartphone Arrays. InGlobal 

Communications Conference (GLOBECOM), 2015 

IEEE 2015 Dec 6 (pp. 1-6). IEEE. 

[31] . Mun J, Lee MJ, Park JW, Oh DJ, Lee DY, Doo SG. 

Non-aqueous redox flow batteries with nickel and iron 

tris (2, 2′-bipyridine) complex electrolyte. 

Electrochemical and Solid-State Letters. 2012 Jan 

1;15(6):A80-2. 

[32] Hazza A, Pletcher D, Wills R. A novel flow battery: A 

lead acid battery based on an electrolyte with soluble 

lead (II) Part I. Preliminary studies. Physical Chemistry 

Chemical Physics. 2004;6(8):1773-8. 

 

 

 

 

 

 

 

 

 

 

 


