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ABSTRACT

Extensive studies have been made upon the physical and chemical properties
of dipraseodymium trisulphate in water and mixtures of water and
tetrahydrofurane for agiven molar fraction. The purpose of the paper covers
two intensions: Firstly we collect new data of the behaviour of the rare
earth salt praseodymium sulphate and secondly, the experimental values
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are suitable to prove a new theoretical model derived by the author™.
Viscosity and surfacetension measurements admit to study the environment
near the central ion in relation with the equation of Jones and Dole.
Moreover, the molar excess volume could derive by pure density

measurements.

INTRODUCTION

Conductivity measurementsof ectrolytesolutions
in binary systems of organic solvents with widely
different diel ectric constants (DK) giveinsightinto the
process of possible ionic association and their
dependence upon the solvent composition.

Several quantities of interest were measured to
clarify not only the behaviour of thesalt in mixtures;
moreover, it seems of interest to explain the solution
structure near the centra ion.

Insolventswith alow DK ion-ioninteractionsfavour
theformation of ion pairs, iontriplets, and higherionic
clugters. Thisstrongly influencestheconductivity of such
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solutions. Relatively littlework was donewith mixed
solventsand praseodymium sul phate.

Thespecific conductivity asasystem property shall
be cong dered inthe second part of thisproject following
soon.

A historically valuabl e collection of the solution
behaviour of chemica compoundsininorganic and/or
organic solventsisgivenin?.

Theuseof variouscompositionsof mixturesof water
and tetrahydrofurane (THF) allows measurementsin
mediawith variousDK and conductivities. Generally
weareinterestedin the structure of water near the Pr3+-
ioninfluenced by the organic solvent.

Thenormd structure of water isundisturbed: Itis
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that of bulk water. Imagine now that the bulk changes
and the structure of water near the Pr¥*-ion can be
dividedinto three sheets:

Inthe primary, near the Pr¥*-ion, water molecules
areimmobilized and orientated by theionicfield and
thewater moleculesare completely orientated,

inthe secondary, or structure-broken sheet water
moleculesare partly-orientated,

findly, at sufficient distancesfrom the Pr**-ion the
water structureisunaffected by theion and displaysthe
tetrahedral bonded networks characteristic of bulk
weter.

These structural changes in the primary and
secondary regionsareusudly referred to as sol vatation.
In pure aqueous solutions a three-step reaction of
praseodymium sul phateis assumed®. Later we shall
seethat we can assumeacluster ordering of the solvent.

Generadly, in pure agueous sol utionsthe Pré* state
isfavoured (assuming asix-fold coordination) and for
each step possbleaboveaspecid equilibrium constant
may beformulated:

[Pr(H,0),]* ©[Pr(H,0),0H]* &
[Pr(H,0),(0H),]" & [Pr(H,0),(0H),] ’ @)

whereeachion contributesto thetotal conductivity.
If we assumedissoci ation compl etely boththe OH- and

[H,0] act uponthePr¥*. Sincethe Eigen dissociation
of H-OH isvery low acomplete hydrolysiscan not be
expected (generally the aguo-cation [L n(OH,), > is
morethan gx-fold coordinated; hencethetruehydration
number istherefore of great importance).

For the conductivity mechanism however all
‘hydrated possibilities’ contribute to the total
conductivity. Thus for the OH" -ion the following
hypothetica hydrolysisreactionsare possible;
2Pr*+20H - 2[Pr-0-Pr]* +40H" . (1a)

Thenext sepisthat THF substituteswater molecules
preferred in the secondary sheet. There is no doubt
that the structure of the bulk water will bedisturbed if
oneincreasesthe quantity of the organic solvent. This
picture of the solvent structure and the ion-solvent
interactionwill bediscussed later. Wearea so interested
into deviations from the ssimple case of symmetric
electrolytesthereforethe given asymmetric sat typeis
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asuitablechoice.

It is known that electrostatic interchanges are
respons blefor theincreaseof theviscosity!® and alinear
dependenceof theviscosity difference, say, An=n-n1,
where n, meanstheviscosity of the pure solvent, of
themolar concentrationisassumed

An=kx,fc ,(2)

where the root term is responsible for the
occurrenceof theionic cloudintheéectrolytic solution.
From eq.(2), the concentration dependence of the
relativeviscosity An/m could derived

n/n,=1m,4 =1+AVC . 3

For an electrolyte dissociated into two ions the
coefficient A can be calculated. It depends upon the
temperature, the DK of the pure solvent, thevalence,
and thenumber of molecules.

Theviscosity theory of Falkenhagen was proven
by the behaviour of strong electrolytesin thedomain of
much diluted solutions. Firstly it was shown by Jones
and Dolethat such sol utionscan bedescribe satisfactorily
by theempiric equation

(4)

where A and B are some constant. To determine
these constants one hasto cal culatethe quantity

n/n, =M =1+A,c+B.c,

Mo —1

Y= 5 (49)

Y representsadtraight line by vaidity of theeq.(4)
and should be sati sfied for smpleée ectrolytes. Higher
va ued asymmetric e ectrolytesmight differ. Asshown
in® the curvemust not beastraight linenecessarily and
electrolytesof higher vaence often show an S-likerun.

Ineg.(4) the coefficient A describesthelong-range
electrostatic interactions and the coefficient B is
responsiblefor the solute-sol vent interactions.
Note: Eq.(4) isin agreement with experimental data
for concentrations up to 0.05M. For higher
concentrations one can add aterm proportiona to the
square of the concentration® so that we assume a
modifiedform

n/MNy=n,4 =1+A c+B.c+D.c* , (4b)

where D describesthe hydrodynamicinteractions.
Studiesof the phase equilibrium behaviour and the
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excess properties of liquid mixtures are of great
importancefor the design of separation processesand
theoretical understanding of the nature of molecular
interaction. Thermodynamic andysisand prediction of
phaseequilibrium aswell asthermophysica properties
areuseful to solve separation problemseffectively.
However when dedlingwith complex mixturesand
new processesexperimenta dataarestill neededfor a
reliable processdesign. Thuswetakethe opportunity
to clarify thebehaviour of Pr3 indifferent mixtures.
Let x, i = A, B be the molar fraction of each
component and p,, | = A, B the densities of each
component. Further letM, 1 =A, B bethemolar masses
of each component and p, meansthe density of the
mixture. Thenthe (molar) excessvolumeisgiven by

. 1 1 1 1
\% xAM,{pm pAJ+XBM E{Pm PB)' (5

Surface effects may be expressed in thelanguage
of Hemholtz and Gibbsenergies.

Thelink between these quantitiesand the surface
areaisthework needed to changethe areaby agiven
amount, and the fact that dA and dG are equal to the
work done in changing the energy of asystem. The
work needed to changethe surfacearea, o of asample
by aninfinitesma amount do isproportiona to do and
onecanwrite
dw=ydo . (6)

Theminimization of thesurfaceareaof aliquid may
resultintheformation of acurved surface, asinabubble.
Later thesurfacetension will beimportant in relation
withdectrifiedinterfaces.

Note: Werefer tothe Lippmann Equation™? where
thed opeof thed ectrocapillary curveat any cdl potentid
isequa tothecharge density of an el ectrode. Thusone
definesadifferentia capacity by

e[ ) {27
ov ov?)

where g,, meansthetota chargeontothee ectrode.

(6b)

EXPERIMENTAL

TheTABLE 1ligsthemeasurement methodswhich
were used to determinethe quantities of interest.

Thefollowing noteintroduces ashort description
Research & Reotews On

of themethodsand, exemplified by thedensity anerror
edimationisthought.

Note: Densitiesof theliquidswere measured usinga
pycnometer with water acting asauxiliary liquid. We
give an examplehow one can calculatetheerror: The
entireerror iscompounded by theweighing error, the
error caused by measuring possible small blistersand
theerror of evaporation. Then, considering Gaul3 law
of error propagation we have

(%),

Y ] ~0,001gxcm™®

2
] .
3 mp,my,V
]ml ma,msz ]

wherem;, m, and m, aremasses (empty, pluswater,
pluswater and salt) and V isthe volume. Analogues
medi ations can be performed to ca culatetheremaining
errorsof quantitiesunder consideration.

Specific conductance measurementsof Pr,(SO,),
(Sigma-Aldrich) in water and its mixtureswith THF
(Merck) were carried out using a Knick-Digital-
Konduktometer assumingaprecision of £0.001mS. The
cell constant was 0,91cmt and the frequency took
congtantly 8100Hz. Toexdudeinfluencesof crysta weter
to the structure of the solvents mixture a water-free
sulphate was used. To exclude further any backlashes
onto theconductivity of the mixturesconductivity water
wasusedto preparethesamples. Thewater‘s conductivity
was measured to 0,059mScm-1

Theviscosty wasdetermined using arolling sphere
viscosimeter, especialy an Anton Paar AMV 200
microviscos meter based upon the principleof Hoppler
e.g.9,

Choosing four different angles (per ten stepsfrom
40° to 70°) the dynamical viscosity was determined
and thekinematic viscosity could deduced by thehelp
of thedengity asusudly.

3

0
0

(
(a
c

he)

3

2
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 (7)
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The surface tension was measured ten times per
sampleusing thehanging drop method, eg.® by aphysics
contact angle system OCA15+. The measurement
equipment isthe standard automated video contact angle
metrology for drop shapeanalyss. Mass measurements
were done by adigital eectronic anaytical balance
(Mettler) with a precision of + 0.01 mg. Adequate
precautionsweretaken to avoid evaporation lossesand
ar bubblesduring actua measurements.

Hint : All measurementsand preparationsweredone
by a constant temperature that is T=20°C with an
estimated deviationof AT=+0.1°C.

TABLE 1: Overview of the measured quantitiesand their
methodsincluding accur acy.

Quantity Sign  Unit M smas et_lrheon;ent Accur acy
Pycnometer,
Density p gxem® water as Ap=+0.001
auxiliary liquid
Spec. 1 Knick-Digital- _
Conductivity * ™M™ K onduktometer A%=+0-001
Viscosit Rolling sphere
(dynami)(/:al) no mPaxs viscosigmsepter An=£0.010
Hanging drop
method using a
Surface .1 data _
tension Y  MNxm physicscontact 277 £
angle system
OCA15+
Molar cmixmol A
Excess Y 1 calculated \P=£0.05
Volume e

In TABLE 2 we show exemplified by the series
E(n),n=1,...,5, the different amount of water and THF.
Further the TABLE 3 lists the varying amount of
praseodymium sulphate which can be understood
approximately.

TABLE 2: Water/THF mixturesexemplified by thesample
seriesE1to E5 whereby x, meansthemolar fraction of THF
and x, meansthemolar fraction of water. Thestar abovethe
sample E5 meansthat the samplebecomesunstableafter 72
hour sand awhite, needle-shaped pr ecipitation could obser ved.

Sample CHZO/g CTHF/g CHzo/mO| CTHF/mO| X2 X1

El 4991 O 2,770 0 0 1,000
E2 4492 445 2,493 0,062 0,024 0,976
E3 39,93 11,24 2,216 0,156 0.066 0,934
E4 3494 1335 1,939 0,185 0,087 0,913
E5 29,25 22,47 1,662 0,312 0,160 0,842
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TABLE 3: Approximatesulphate concentrationsin mg and
calculated moles of each sample series. Within each series
thecontent of praseodymium sulphateremainsconstant. The
content of thesample seriesB(N) isof theor etically ones.

Sample  Approx. sulphate content ~ Number of
series / mg moles
Al-A5 513 9x10™
B1-B5 399 7x10™
Cl-C5 285 5x10
D1-D5 171 3x10*
E1-E5 57 1x10*

Note: Let S, bethe solubility of THF before addition
and let Sbethesolubility after addition. Further let o, -
and o, betheorientation polarizabilities. Onecanargue
asfollows: If therelation o, > o, - holdsthenwehave
the effect of salting out and the effect of secondary
solvatation can beassumed by thefollowing dependence:

C,(ay —Orye)
T] ®)
where C, and C, are constants and r, means the
hydratation radius. Base upon the fact that the
polarization of water isgreater than THF the effect of
ingtability isexplained uponamolecular leve.

Somenotesabout thestability areof interest: A star
signsunstable solutions. It dependsupontimeuntil a
white, needle-shaped precipitation could observed.
Note that by considering TABLE 3 the salt
concentration remainsequa withinaseries Thesamples
among each other differ by therelation of water/THF.
By increasing the content of THF we observethe effect
of sdting out so that most of thesamplesA(i), B(i),.. ..
I=5becomeunstableintime. However, XRD andysis
showed the existence of a special hydrated
praseodymium sulphate in non-stoichiometric
composition.

Thefollowing TABLES containthedynamical as
well as the kinematic viscosity including error
estimations. The TABLE 4 lists the values for the
dynamical and kinematic viscosity andthe TABLE 5
givesthevauesfor the surfacetension, thedengty, and
themolar excessvolume, respectively.

Asmentioned earlier, by known of the dynamical
viscosity, it is possible to calculate the quantity W
containing theviscosity of the pure solvents, signed by

1, - Thesecaculated vduescan befoundinthe TABLE

s-s0-c.|
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6 for each seriesof interest.

TABLE 4: Dynamical and kinematic viscositiesincluding
error estimations.

Sample  mg/mPas’ ndmmist  Anuma£% Andmd+%
Cl  (1033:t0.002) (L038:0.002) 0,194 0,193
C2  (1.631£0.006) (1.363:0.005) 0441 0,366
C3  (1.559:0.024) (1549:0.024) 1539 1,549
C4  (1.808£0.013) (1.800:0.013) 0719 0722
DI (L09:0.003) (1882:0.004) 0275 0,213
D2 (1355:0.004) (1.354:0.004) 0295 0,295
D3 (1814:0.006) (1.807:0.006) 0,331 0,332
D4 (1988:0.072) (L973:0.072) 362 3,649
E1  (1.082:0.004) (1.867:0.007) 037 0,375
E2  (1313:0.003) (1.313:0.025) 0228 1,908
E3  (1799:0.006) (1.788:0.006) 0,333 0,336
E4  (L941:0.007) (L922:0.007) 0361 0,364
Al  (L051:0.003) (1.922:0.003) 0,285 0,282

TABLE 5: Surfacetension, densities, and themolar excess
volumeincludingtheerrors.

Sample y/mN.m*  Ayh/+% plg.cm® VEcm®.mol™
C1 (69.4£1.07) 154 09952 -
c2 (53.86+2.13) 3,95  0,9985 -0,217
c3 (41.51+£1.66) 399 1,004 -0,705
c4 (46.34+1.28) 2,76 1,0066 -0,9%4
D1 (41.26+0.70) 1,70 05792  --—--—--
D2 (50.11+1.46) 2,91 1,0003 -0,251
D3 (39.70+£2.77) 6,97 1,005 -0,726
D4 (37.07+1.07) 2,96 1,008 -0,958
El (40.75+0.14) 0,34 0,57% ---—--—--
E2 (50.16+0.55) 1,09 1,0025 -0,285
E3 (41.05+2.86) 6,96 1,0063 -0,7%4
E4 (38.90+4.63) 11,91 1,0102 -1,034
E5 e - 1,0112 -1,729
Al (69.56+0.43) 0,62 09904  ---—---
= e -1
TABLE 6: Calculated valuesfor thequantity \/E
per series.
Series ¥ Series ¥ Series W Series W
Al 1,49 A2 62,36 C3 105,32 C4 1356
Cl 3,56 C2 83.43 D3 168,21 D4 1899
D1 4,91 D2 107,23 E3 282,76 E4 312,98
E1l 7,55 E2 173,54
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TABLE 7: ThecoefficientsA and B of theJonesDole Equation
for each series.

Series A B
Series 1 (10.3+0.5) (-300+20)
Series 2 (214+26) (-5452+1236)
Series 3 (428+18) (-148871100)

Series 4 (473£17) (-16290+1100)

ThecongantsA and B fromthe JonesDole Equation
can be determined from theintersection and theslope

of the w,,/c chart. We summarized these valuesin
TABLE?7.

DISCUSSION

First of al weliketo clarify the situation near the
central ion, say the Pr3*-ion. Observing adecreasein
theconductivity (an exact view will bediscussedinthe
second part) one can assume that the Pr3*-ion is
surrounded by THF molecules orientated with their
oxygen aomindirectiontothecentra ion. Thedecrease
is five times smaller as in pure water. A possible
arrangementisassumedinFigure 1.

However thisstuation may not match theredity as
one can see by the effect of salting out occuring. Itis
also of interest and will be the subject of the second
part to estimate the hydration number cal culated upon
theviscosity by applying Stokesformula. Probably an
ordinary hydration by purewater moleculesinthefirst
sheet can be preferred and a dynamic view is
considered: Water moleculeswill try to aligninto a
minimum-energy orientation. Thismeansthat thewater
molecule has to reorient (or jump through a small
distance) from the positionit had inthewater structure
(thisjumping movementswill requireafinitetime. Now
it can be considered that thistimeisused by aTHF
moleculeto moveinto the position of theformer water
moleculeand will subgtituteit (apossibleformation of
THF complex-ionswith the Pr3* will not considered).

Let us now discuss the coefficients of the Jones
Dole Equation from the TABLE 7. In the following
Figureswe plotted the square root of the concentration
against thequantity ‘. If the Pr,(SO,), actsasastrong
electrolytethe dependence should belinear (thisisaso
valid for (1,1)-electrolytes or symmetrical ones).

. -
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Figurel: Two possiblegates(models) near theenvironment
of thesolvated Pr* -ion which iscentred in themiddle. L eft:
Theprimary sheet consists of orientated THF molecules
with interloping water molecules. Thispicturemight bethe
result of thefact that theconductivity decreasesby afactor
fivesincethecentral ion must carry alongthegreater THF
molecules. Remember that the salt concentration remains
approximately constant within each series. Right: Water
molecules assuming as spheres surround the central ion
(clustering). Thiscoversthesituation after solution of the
salt in water. Governed by electrostatic forces the THF
moleculestry to order with theoxygen in direction tothe
Pr3* -ion building up the second solvatation sheet. Notethat
thewater moleculesright aredrawn inordinately in relation
toTHF.
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straight lines as one can seein the left sketch of the

Figure2 andthe Figure 3, respectively.

Normally the function ‘P(ﬁ )= represents

T
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Figure2: Dependenceof thequantity

T fromthe

sguareroot of theconcentration. L eft the Series1 and right
theSeries2. It isseen that the Series2 doesnot fulfil alinear
dependenceshowingaclear deviation. A very weak tendency
toanonlinearity in theleft sketch isassumed.

Itisnot easy to analyzethe deviation sinceboththe
molar fraction of theliquidsand thesalt concentration
changes. But in each case one can provethefact that
thecongtant B assumesnegativevaues. Prdliminary one
can say that the constant B containstwo partswhich
can bereferred to theions dissociated in the solution.

Itisknown that the constant B describesthe solute-
solvent interactions. Therefore, deviationsfrom the
linearity can directly be associated with the solute-
solventinteractions.

Further onecan seeintheright part of the Figure 2
andtheFigure 3, respectively, that inthedomain of low
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Figure3: Dependence of the quantity

T from

thesguarer oot of theconcentration for theremaining

mixtureseries. Herethelinear law \P(\/E) = A+B+c
issatisfied fulfilled.

concentrationsthelinear behaviour isvalid. Moreover
deviationsfromthelinearity referringto higher-vaidions
are present. From TABLE 7 it is seen that both the
coefficients A and B increase by increasing the salt
concentration, otherwisethewater content decreases.
Therefore it is concluded that both the long-range
electrostatic interactions and the solute-solvent
interactionsincreaseif thewater content diminishes
(synonymicwiththefact that both thesalt concentration
and theamount of THF increase).

Note: An exampleto provethe oppositeisthe case of
B,C1, asa(l, 2) type. Here the value for A isin
agreement,

Negativevauesfor B arefound for ionswhich exert
a ‘structure-breaking’ effect on the solution (e.g. they
contributeto aconsiderableincreaseinthe disorder of
water when dissolved) such asRb", Cs', I, C10,and
NO..

Usudly, however, the B valuesarefairly largeand
positive and correspond to ions which are strongly
hydrated (‘structure makers’) such as Na*, Li*, Mg**
and La* ™, Sincewedid not found any hintsreferring
to thissubject we cannot agreethis statement (viscosity
studiesof La®* in water/THF mixturesfor comparing

aremissed).

Rescarch & Reotews On

Generdly, smal, highly charged ionsinfluencesthe
water structur near by themselves more than ions of
great radiusthusthe Pr3* should act asabetter structure
maker than an earth alkainemetd ion.

Thesurfacetensionisafurther quantity of potentia
interest relating to acell potentia. Takinginto account
the Series 1 we performed a plot representing the
dependence of the surfacetension of thedensity where
alinear connectionisobserved (Figure4, | eft).

Later when weshall deal with our new model the
surfacetension will beimportant. We shall further see
that we have to stress special assumptions upon the
functiong,, (V) withV asthe potential of

%

Fi mm :

Figure4 Left : Dependence of the surfacetension fromthe
density.Alinear connection can beassumed representing by
an egquation of thegeneral typey=kx+d with k=(68.3+2.0) and
d=(1.97£1.54).

Right: Therepresentation of thefunction gM (V) assuminga
negativecdl potential. Then the(V,Y) - curveisdescribed by a
linear dependence expressed through y=kx+d with k=(-
1161+60) and d=(15.51.1).

the interface and we can write therefore
[dy=[ayadv.

. -
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We show the dependence of g,,(V) graphicaly
leadingto aroughly linear connection (Figure4, right).
Otherwiseexperimentally, itisknownthat they versus
V curveis aways a parabola. Why the discrepancy
occursisnot known; e.g. apossible explanation might
bethemodel under consideration.

In Figure 5 the dependence of the molar excess
volumefromthemolar fraction of THF isplotted.

Itisof interest to stressthat alinear dependence
only for the Series E could observed. Otherwisethe
Series C and D show deviations and can be assumed
asagpecia behaviour of (n,m)-eectrolytes.

Becausethereareno other valuesintheliterature
for the present system a systematic comparisonisnot
possible. Basicdly astraight line coversthe behaviour
of anided liquid, therefore, the curvesof the Systems
C and D match real solutionsand theinterionicforces
becomeimportant.

Notethat the series differ among each other not
only by the salt concentration but also by the molar
fraction of water and THF.

Sincethe Series E containsthe fewest amount of
the sulphate one can argue that the SeriesE coversas
best the ideal behaviour. By increasing the salt
concentration the deviation from theidea behaviour
becomesimportant.

il

I
c

Ve

- Series C
= Seres D -,
» SeriesE

002 o0 oo D10 012
Molar fraction THF x,

Figure5: Dependence of themolar excessvolumefrom the
molar fraction of THF. Thelinear dependenceof the SeriesE
revealstoanideal behaviour of themixed solution. Deviations
fromthelinearity areobserved by theremaining series. The
behaviour becomesreal moreand moreand inter molecular
forcesincrease. A possible explanation might bethefact that
both thewater and THF moleculesinterchangein thefirst
solvatation shest.

T
0,08 0,16

014
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Note: Asshownin TABLE 5theexcessmolar volumes
for dl systemsare negativeto reach the smallest value
for the sample E5 (which has the highest amount of
THF). Thiswould indicatethat molecular interactions
between molecul esof water and THF arestronger than
interactions between moleculesintheir purestates(e.g.
the sample E2 with very low amount of THF) and
attractiveforcesdominatethebehaviour of thesolutions.

SUMMARY AND OUTLOOK

In this paper the behaviour of mixtures of
praseodymium sulphateinwater and THFisstudied to
thefirg time. Severd physicd quantitiesof interest were
measured to explain the structure near the central ion
(thePr®). Samplesof different content of prassodymium
sulphate and different amount of water and THF
(characterized by themolar fraction) were prepared.
Sinceno referencevaluesintheliterature are present
comparative studiesare not possible.

Alsothepurposewasto fathomany deviationsfrom
symmetric electrolytes so the asymmetric salt type
dipraseodymium trisulfate arose asagood option.

Itisof interest to Stressthat some samplesbecame
unstable inhibiting an exact analysis. However the
instability might be explained by considering the
orientation polarizabilities.

Asanimportant featurewe gpplied the JonesDole
Equation to equatethe relevant coefficientsby known
viscosity where somedeviationscould observe.

The solvatation sheet around the central ionisnot
yet fully clear; asuitablemodd ispresented.

Also the molar excess volume shows deviations
relaingtointermolecular forcesaswell asamost idesl
behaviour.

In the second part (in preparation) of the project
following soon we shall show how the specific
conductivity and related quantities (e.g. thehydration
number, ion association) influences each other. It can
be expected that the conductivity allow further
conclusions. Especidly the surrounding of the centra
ion and possibleion associations shall be described
muchwdl.

A further parameter of interest which is not
considered inthe present study istherefractiveindex

which allows the derivation of the molar
B Research & Reotews On
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polarizability constant together with the DK measured
experimentdly.

Webelieve, that, based upon the subject to discuss
these quantitiesin relaionwith conductivity phenomena
inthesecond part.
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