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A well-known phenomenon in the lithium ion battery field is the volumetric expansion of 
the electrodes during the charging and discharging of the battery. Although this phenomenon 
poses many problems for the design of more efficient and safer batteries, it is possible we can 
use it to our advantage by driving this mechanism the other direction—in other words, applying a 
volumetric change to the battery to elicit electrochemical potential. Materials in which 
mechanical energy is directly converted into electrochemical potential are called 
piezoelectrochemical (PEC) materials, and the PEC effect has been demonstrated in multiple 
systems[1-6], including electrodes in lithium ion batteries[1,7].  

One motivation for studying the mechanism behind the PEC effect is for applications in 
mechanical energy harvesting. PEC materials can provide a potentially permanent power source 
for micro-electronics and other applications in which connection to a traditional power source is 
not practical. In PEC materials, the chemical potential of ions is affected by an applied stress, 
and under such circumstances these materials can be used in a thermodynamic cycle to harvest 
energy, at a relatively slow rate commensurate with the kinetic transport in electrochemical 
systems[1]. The slow rate allows PEC materials to harvest at low frequency ranges (less than 1-
10Hz), which are not captured by traditional mechanical energy harvesting materials. PEC 
systems also have higher energy density compared to other mechanical energy harvesting 
systems[1]. Therefore, PEC materials would be useful in mechanical energy harvesting 
applications that harvest low frequencies at high energy densities.  

Because little is known about the PEC effect, it is useful to study how it behaves in a 
well-defined system of a known quality, such as commercial lithium ion batteries. Previous 
work[1,7,8] has demonstrated that commercial lithium cobalt oxide (LCO) batteries exhibit the 
PEC effect, as both the lithium cobalt oxide cathode and lithium-intercalated graphite anode are 
PEC materials. The coupling factor between the change in equilibrium potential and applied 
mechanical stress was approximated as a function of the state-of-charge (SOC) of the battery by 
measuring the differential expansion and voltage[1]. 
 Ongoing work has demonstrated how to use piezoelectrochemical energy harvesting to 
increase the voltage generated from lithium ion batteries by combining several batteries together. 
Based on how voltages add in series, one might expect PEC voltages to add in series-connected 
cells. To demonstrate this experimentally, we characterized the coupling factor of the PEC effect 
as a function of SOC for commercial 500mAh LCO batteries. The batteries were then charged to 
the optimal SOC, and placed in the three different configurations depicted in Figure 1a. Active 
cells were connected in parallel to a resistor to reference cells; the active cells were mechanically 
cycled from 10 MPa to 0.1MPa at a frequency of 200µHz. The voltage generated by the PEC 
effect was quantified by measuring the voltage drop across the resistor. The measured voltage of 
the three configurations is plotted in Figure 1b. As expected, the PEC voltage can be increased 
by compressing batteries in series. Increasing the PEC voltage generated would allow the effect 
to be used in practical applications such as micro-energy devices. 
 Much of how the PEC effect works is still not understood. Future work will attempt to 
address some of the open questions, including what the link is between coupling factor and 



crystal structure. To gain further understanding of this phenomenon, future work will investigate 
how the PEC effect acts in single crystalline systems, in order to reduce the complexity of the 
active material structure. The PEC effect will also be studied in systems that can withstand high 
compression, like solid-state batteries, in order to increase the generated voltage by increasing 
the applied stress. 
 

 
Figure 1: (a) Three wiring configurations of commercial lithium ion pouch cells were tested: single, 
parallel, and series. The active cells were parallel soldered through a resistor to reference cells, and then 
the active cells were mechanically cycled as the voltage across the resistor was measured. (b) The 
measurement of the voltage across the resistor for each of the configurations shown in 1a. As expected, 
the voltage of the series configuration is higher. 
 

References 
[1] J. Cannarella and C. B. Arnold, “Toward Low-Frequency Mechanical Energy Harvesting Using Energy- Dense  
 Piezoelectrochemical Materials," Advanced Materials, 27, 7440 (2015). 
[2] N. Muralidharan, M. Li, R. E. Carter, N. Galioto, and C. L. Pint, “Ultralow Frequency  

Electrochemical−Mechanical Strain Energy Harvester Using 2D Black Phosphorus Nanosheets,” ACS 
Energy Lett., 2, 1797 (2017). 

[3] S. Kim, S. J. Choi, K. Zhao, H. Yang, G. Gobbi, S. Zhang, and J. Li, “Electrochemically driven mechanical  
 energy harvesting," Nature Communications, 7, 10146 (2016). 
[4] E. Jacques, G. Lindbergh, D. Zenkert, S. Leijonmarck, and M. H. Kjell, “Piezo-Electrochemical Energy  
 Harvesting with Lithium-Intercalating Carbon Fibers,” ACS Appl. Mater. Interfaces, 7, 13898 (2015). 
[5] V. A. Sethuraman, V. Srinivasan, A. F. Bower, and P. R. Guduru. “In Situ Measurements of Stress-Potential  
 Coupling in Lithiated Silicon.” J. Electrochemical Society, 157, 11 (2010). 
[6] C. Massey, G. McKnight, W. Barvosa-Carter, and P. Liu. “Reversible work by electrochemical intercalation of  
 graphitic materials.” SPIE, 5759 (2005). 
[7] J. Cannarella, C. Z. Leng, and C. B. Arnold. “On the Coupling Between Stress and Voltage in Lithium Ion Pouch  
 Cells.” SPIE, 9115 (2014). 
[8] Z. J. Schiffer, J. Cannarella, and C. B. Arnold. “Strain Derivatives for Practical Charge Rate Characterization of  
 Lithium Ion Electrodes.” J. Electrochemical Society, 163, 3 (2016). 
 

10 Ω

10 Ω

10 Ω

++

+--

-- + +

-

-

-

+ +

+--+

Single

Parallel

Series

0 5 10 15

Time [hr]

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

Vo
lta

ge
 [m

V]

Voltage Output

Single

Series

Parallel

(a) (b) 


