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1. Introduction

In recent times great progress has been made in inhibiting

the lithium polysulfides (Li PS) transport and its migration ef-

fects. However, the nucleation and growth of Li2S2/Li2S spe-

cies during the discharge process remains uncontrollable re-

sulting in a large accumulation of these insoluble species on 

the cathode surface [1-3]. A large activation energy is required 

to transform these insulating Li2S2/Li2S species back to long-

chain Li PS, resulting in slow oxidation reaction kinetics and 

poor performance of the sulfur content of the electrode [4-5]. 

For this reason, controlling the nucleation and growth of 

Li2S2/Li2S is the key to improving the electrodeposition kinetics 

and S utilization [6]. 

It is well known that trialkylphosphines have the property 

of selectively reducing disulfide bonds, so recent experimental 

work utilizes the commercially available tris(2-carboxyethyl) 

phosphine hydrochloride (C9H15O6P∙HCl, TCEP∙HCl), taking ad-

vantage of its effect in disrupting disulfide bonds in various 

proteins to catalyse the cleavage of -S-S- in polysulfides [7-9]. 

In this work, we studied experimentally the effect of using 

TCEP as an additive in lithium-sulfur batteries. 

2. Experimental

2.1 Cathode preparation at different concentrations of TCEP 
additive. 

The cathode was prepared using commercial activated 

carbon (Ketjen Black, Merck®) impregnated with sulfur. To 

prepare the slurry first TCEP∙HCl (Sigma-Aldritch) is dissolved 

in purified water (Milli-Q®) at concentrations of 10 mg/mL and 

25 mg/mL. 

Two sets of electrodes were prepared.  One set with 2% 

TCEP and the other with 5% TCEP. In each case, 90% active 

material and (100-90-x) % of polyacrylic acid as a binder (PAA, 

Sigma-Aldritch) were added being x the TCEP percentage. 

Thus, for the case of 2% and 5% TCEP∙HCl slurries, the binder 

percentage is 8% and 5% respectively. A cathode without 

TCEP∙HCl was also prepared by mixing 90% active material and 

10% polyacrylic acid for comparison. All materials were mixed 

in a ball milling at 600 rpm for 25 min.  The electrodes were 

cut into 12 mm diameter and assembled in CR2032 coin cells. 

Lithium foil was used as anode and reference electrode; and 

1.0 M lithium bis(trifluoromethane sulfonimide) (LiTFSI) with 

0.25 M LiNO3 in 1:1 1,3-dioxolane (DOL):1, 2-

dimethoxyethane (DME) as the electrolyte. The cycling 

performance of the cells was tested using an Arbin battery 

tester in a potential range of 1.8 – 2.6 V at room temperature. 

3. Results and discussion

To study the effect of adding different concentrations of

TCEP∙HCl on the electrochemical behaviour of the cathodes, 

galvanostatic charge/discharge studies were performed. The 

charge/discharge cycles were done at a constant current den-

sity of 0.167 Ag-1 (C/10). Figure 1 shows the charge/discharge 

profiles obtained at the 5th, 10th, 50th and 100th cycles for cath-

odes with TCEP∙HCl percentages of 2% and 5%. The electrode 

with no added TCEP (or w/o TCEP, Figure 1) was also included 

for comparison.  

Differences in the overpotential needed for the oxidation 

and reduction processes can be observed in the presence and 

absence of TCEP being more remarkable at a higher number 

of cycles. As it is well known, the overpotential is related to 

kinetic factors. Here, we analysed specifically the potential 

peak originating from the nucleation of Li2S and Li2S2 (insets in 

Figure 1). In this case, a high value indicates slow oxidation of 

Li2S – Li2S2 species and inefficient utilization of sulfur. Taking 

this into account, we can observe that the potential barrier for 

the electrodes w/o TCEP is always higher than for the cath-

odes containing TCEP. Indeed, it can be observed that for the 

cathode prepared with TCEP 2% - PAA 8% the potential barrier 

remains at 0.03 V for cycle 5 and cycle 10, decreasing then to 
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remain constant at 0.01 V for cycle 50 and cycle 100. On the 

other hand, for the cathode with TCEP 5% - PAA 5% ratio, the 

potential barrier is 0.02 V for cycle 5, decreasing to 0.01 V and 

0 V for cycles 10 and 50, respectively. So, in presence of TCEP 

additive, the kinetics of the oxidation reaction of Li PS in the 

cathode increases, allowing a decrease in the potential barrier 

and an improvement in the cyclability. A deeper analysis of 

what is happening on the electrodes was done by XPS studies 

(data not shown). We found that TCEP generates the breaking 

of disulfide bonds even before the cell is cycled. In conse-

quence, different sulfide and sulfate species are obtained not 

only at the surface level, but also at approximately 180 nm 

from the electrode surface.  

 

Figure 1. Voltage vs. specific capacity (SC) obtained for 5th, 

10th, 50th and 100th measured with cathodes containing differ-

ent amounts of TCEP. Inset: Zoom of the potential barrier 

needed for the oxidation of Li PS. 

4. Conclusions 

From the results, it can be concluded that tris(2-carboxy-

ethyl)phosphine hydrochloride (TCEP∙HCl) acts by lowering 

the activation energy required for both the oxidation of insol-

uble species such as Li2S2/Li2S to S8 on charging, and for the 

reduction of soluble long-chain polysulfides to short-chain 

polysulfides Li2Sx (6 ≤x≤4) and Li2S2/Li2S species during dis-

charge when using it as an additive in the cathode electrode. 

From the charge/discharge cycles – where a decrease in 

the potential barrier for the oxidation reaction of Li2S to S8 

species was observed – it can be stated that the presence of 

TCEP enhances the reaction kinetics due to the breaking of di-

sulfide bonds, even before electrochemical cycling. XPS re-

sults support this conclusion and shed light on the mechanism 

of TCEP, which is still under investigation. 
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