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AN_ELECTROMOTIVE FORCE OF FUSION
Alvin J. Hebert

An electromotive force has been measured between
electrodes 1mmersed in °everal different molten 1norﬂanic
.comp0dvos near their wclting -empcratures‘when_one of the
electrodes is depos:Ltinfr crystal or when'crvstals are
mnlting.~ Th: maximun mlactromotive lorse (u Ty vzlues
measured7at-the onset of crystal formatlon corresnond
.closely to rc*ortnd heav of fusion value s; Hf, as shown
lin Table 1. The averages of measured values are listed
where more than two values were obtalned., In the cases

of K 003, Na,CO, and Na SOu. values of 4001, 3776 and

3
’,3113 cal/mole respectively were also measured and may
iindicate preferent1al crystallization of dimers or the
_.transfer of two equivalents of °1ectrons per mole of
‘compound for these experlments. In seyeralvcases the

easured EMFs clustered at intervals of’one to two hundred
cal/mole.hjExamples are shown in Table 1 for NazSoh. This
may indicate crystallization modes that result in
dlfferences in 1n1t1a1 and f1na1 states. .

The experiment is usually started w1th both electrodes_
immersed in the molten liquid. This allows a check on
extraneous'junction or oxide layer potentials which might

. oceur duedto a differencebin oxidation statehor chemistry

of the electrodes. Also, any initial strain or.polarization_'
EMFs are eaSily measured. Such EMFs hafenbeen observed to
build.up to_the»order of 1 or 2 volts (23.06 Keal per volt)

when the whole melt crystallizes.
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The experiments were performed over a Fisher burner with

air and gas inlsts. The burner was tﬁrnedfdowﬁ_Or off during *

{11

¥F me rements.

The measur éa vaTues were obtalned w1th several sets ofl
platinum wire electrodesvwhlch varied in 31ze.‘ Iridium-
'electrodesvwere also used with comparable results. Most
experlmenus were nerformed by establlshlnﬂ sllght temperature E‘
gradients 1n order to favor crystalllzatlon or dlssolutlon |
at one electrode, or, one electrode was repeatedly dipped

‘into SlOle'COOllnngIQUId whlle_recordlng temperature

and the EMF; tIn several cases constant EMF}of‘fusion_valﬁes

were obtaineéffor prolonged periods by keeping one‘eléctrode

in the melt while the other oarely touched.the_surface. |
The observed EWF is thought to be due to a difference

in chemlcal'potential between the forming crystal or surface

and the molten liquid, which is also the'difference in Fermi

brim enervy’for the electrons1 The data are in agreement

with the deflnltlon of Ferml brim energy as a functlon of

density or‘number of conduction elecurona PQF,UNIt volumei.

In the preseht'experiments, the crystal wasedenser than the

molten liquid,'and the crystal forminfr electrode acted as | _ N

a cathOde, glVlnw electrons to the molten llnuld. o - i
It is Suggested-that the electromotive forces, ourrents,

and inferred chemical potential'differencescmeaSured in these

.experimehts may help in understanding or'formulating

~experiments in relation to some of the phenomena observed ’
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or postulatedvin'studies of volcanism, crystallizing magmas,
magne+1c flPldS, strain energies and earthquakes.
The 1ntegra1 ratlos observed for the EMF values of salts '

_ with common anions may be related to crystal symmetries,
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TABLE 1. EMF and Heat of Fusion (Hf) values

. : _ P _
Compdund  Number of EMF (cal/mole) He (cal/ g mole)
Measurements Measured o Reference 2

LiF o6 | 2482 £33 2360
Li,S0, 15 Co3ous 31 3040
K00, 2 776k 7800
| = 7785 ) |

g 1 | 4001
NaycO, 2 7663 7000
| o . 6791
2 3996
. . 3556
NaF 3 7394 £56 © 7000
Na,80, 23 595737 5830
2 | 6232 o |
9 6095
10 5835
2 5672
1

3113

*EMF values ére.reported in cal/mole assuming 1 eV=23,060

cal/mole. .Standard_déviations are given_wheré applicable.



CJ 0 44U 5| 4 4

LEGAL NOTICE

This report was prepared as an account of work sponsored by the
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