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Distribution of Electric Charge in Contact- or Tribo-Electrified 
 Insulating Materials under Thermal Equilibrium 

Tsuneki ICHIKAWA*,1
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Spatial distributions of charge carriers in contact- or tribo-electrified insulating materials under thermal equilibrium
were estimated by solving the Poisson-Boltzmann equation under three conditions, namely, 1) inter-medium
migrations of both the positive and the negative charge carriers were allowed, 2) inter-medium migration of only the
positive charge carriers were allowed, and 3) inter-medium and intra-medium migrations of the positive and the
negative charge carriers, respectively, were allowed. In cases 1) and 3), the induced electric charges were localized 
around the contact surface, whereas in case 2) the charge distribution in a carrier-donating medium was broadened due 
to freezing-out of the charge carriers. The theoretical results do not contradict the view that the triboelectricity and/or
contact charge of insulating polymers are induced by the migration of protons that are generated during the contact. 
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Table 1.  Relation between triboelectric charges of polymers and proton dissociation constants and affinities of model compounds.

Polymer Charge / pC a pKb of model compound
in water b

Gas phase proton affinity of
model compound / kJmol�1 c 

[-CH2CH(C5H4N)-]n 1.5 CH3CH2(C5H4N) 
5.89 

CH3CH2(C5H4N) 
946 

[-CO(CH2)4CONH(CH2)6NH-]n 1.2 CH3CONHC4H7

0.15 
CH3CONHCH3

889 

[-CH2CH(OH)-]n 0.5 CH3CH(CH3)OH
-4.1 

CH3CH2OH 
776 

[-CH2CH(OCOCH3)-]n 0.2 CH3COOC2H5

-5.1 
CH3COOC2H5

836 

[-CH2C(CH3)(COOCH3)-]n 0.14 CH3COOC2H5

-5.1 
CH2CH(CH3)COOCH3

836 

[-COC6H4COOC2H4O-]n 0 C6H5COOC2H5

-7.37 
C6H5COOCH3

850 

[-CH2CH(C6H5)-]n 0 Naphthacene, C18H12

-6.6 
CH3CH2C6H5

802 

[-CH2CH2-]n 0 C6H12 

687 

[-CH2CHCl-]n -1.6  CH3CH2Cl 
707 

[-CF2CF2-]n -2.8  CF4

527 
a Saturation charge after repeated contacts with a 2mm diameter sphere of Au in vacuum4).
bDissociation constant of protonated model compound9).
cData from NIST Chemistry WebBook, http://webbook.nist.gov/. 
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distribution. 
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Fig. 2. Spatial distribution of electrostatic potential induced by

inter-medium migration of positive and negative charge carriers.

The definitions of symbols are; kT: thermal energy, H: dielectric 

constant, Wm,0: initial concentration of positive or negative charge 

carrier in medium m, rq: charge of positive or negative charge

carrier, and 'Ur: difference between coordination energies for 

positive or negative charge carrier in media 1 and 2, respectively. 
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Fig. 3 Spatial distribution of electric charge induced by

inter-medium migration of positive and negative charge carriers.

See Fig. 1 for the definition of symbols.
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Fig. 4. Amount of electric charge induced by inter-medium

migration of positive and negative charge carriers. See Fig. 1 for the 

definition of symbols.
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Fig. 5 Spatial distribution of electrostatic potential induced by

inter-medium migration of positive charge carriers. See Fig. 2 for 

the definition of symbols.
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Fig. 7 Amount of electric charge induced by inter-medium

migration of positive charge carriers. See Fig. 2 for the definition of

symbols.
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Fig. 6 Spatial distribution of electric charges induced by

inter-medium migration of positive charge carriers. See Fig. 2 for 

the definition of symbols.
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Fig. 8  Spatial distribution of electrostatic potential induced by

inter- and intra-medium migrations of positive and negative charge

carriers, respectively. See Fig. 2 for the definition of symbols 
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Fig. 9 Spatial distribution of electrostatic potential induced by

inter- and intra-medium migrations of positive and negative charge 

carriers, respectively. See Fig. 2 for the definition of symbols.
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Fig. 10 Amount of electric charge induced by inter- and 

intra-medium migration of positive and negative charge carriers,

respectively. See Fig. 2 for the definition of symbols.
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