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ABSTRACT KEYWORDS
A set of poly(4-vinylpyridine) were synthesized by free radical polymeriza PAVP,
tion and characterized by 'HNMR spectroscopy. The weight average molar M ethanol/water solution;
mass were determined by light scattering and by viscosimetry. This work Solubility;
describes the effects of the molecular weight and the concentration on the Molecular weight;
interaction of poly(4-vinylpyridine) [P4VP] with proton H* at 25°C, until Potentiometry;
total neutralization range (0-1). Interactions are followed by potentiometry Conductimetry;
and conductimetry techniques, in water/methanol mixture. We have Critica neutralization
considered three P4V P samples: P4V P1, P4V P2 and P4V P3 with respective degree;
molecular weights: 6x10¢, 18.45x10% 44x10* g/mol, and for two different Conformation.

concentrations. 1.6x10*to 7.98x 10 monomol/l. The phase diagramswere
established and reveal ranges of concentration of polymer and solvent
composition where phase separation occurs. It sorts that the solubility
domain of P4V Pislimited and critical point isobserved: 64 % (v/v) for water/
methanol mixture and 4 mg/ml of polymer concentration. The solubility is
independent of the molecular weight. Many experimental studieshave been
performed at aparticular concentration and parti cular molecular weight and
the variation of pKawith polymer concentration and molecular weight was
generally neglected*4. However, we show in this paper the variation of
both pKa and pK , according to the concentration and the P4V P molecular
weight. The PAVP-H* isalow charged poly electrolyte where the hydrogen
bonds are responsible for the compact conformation. The pK, depends on
both the concentration and the polyelectrolyte conformation. The critical
ionization degree is 0.2 in 50/50 v/v water/methanol mixture. For higher
neutralization values, no further changes of the structure and the
conformation, were observed. It was concluded that an equilibrium exists
between N and N* in P4V P/HCI systemin 50 % water/methanol solution.
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INTRODUCTION neutral polymers. The characteristic properties of

polyel ectrol yte sol utions have been accounted for by

Polyelectrolyte solutions are known with their  the strong el ectrostatic potential produced by alarge
different propertiesfrom those of both electrolytesand  number of chargeson apolymer chainis€.,
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The poly(4-vinylpyridine) [P4VP] is a weak
polybase, whichisobtained by radical polymerization.
Initsneutral form, itisnot solubleinwater at neutral
pH. P4V Pisonly solublein very polar solvents*2 orin
theaqueousacid.

Inthis paper, the P4V P sol ution properties, using
hydrochl oric acid asprotonating agent, wereinvestigated.
Nevertheless, itshighly polar character induces good
solubility in polar organic solventslike methanol or
ethanol. The P4V P critica concentration Cp* (4 mg/
ml), at phase separation, isexpected to beindependent
ontheP4VP molecular weight.

Thus, thewater percentageinfluenceonthe P4VP
solubility in water/methanol mixturesisfollowed for
several molecular weights (6x10%, 18.45x10%, 44x10*
g/mol). Theion-polyioninteractionswere studied by
potentiometry and conducti metry titrations.

A number of papershavededtwithionicequilibrium
of polybases, such aspoly(4-vinylpyriding)2378, The
litterature data®"9 show that e ectrostatic interactions
in polyelectrolytes generally affect macromolecule
propertiesin two ways:

-First, they decrease the degree of ionization
compared to themonomer ana ogues.

-Second, they change the conformation free
energies, and consequently, change the distribution
function of the conformation st for themacromolecule.
Previous paperd®” have reported that the value of
intrinsic pK , of pyridineunitin P4VPisappreciably
lessthan thevalue of pKafor the anal ogue monomer
4-ethylpyridine (Etpy) in water and ethanol/water
solutions. But, the variation of Kawith the polymer
concentration and molecular weight was generally
neglected. The purposeof the present work isto clarify
these phenomenacaused by the binding of protonsin
water/methanol mixtures, at several P4VP
concentrations (1.6x10*to 7.98x 10 monomol/l) and
for different molecular weights.

Inthisway, we have established aphase separation
diagram asafunction of water percentage. Different
polymer behaviour inwater/methanol, areexamined by
means of pH titration of the PAVP. The apparent
dissociation congtant pKa, whichisasengtivefunction
of the electrostatic potential**23 of the protonated
polymers, is estimated with changing the protonation
degree and the corresponding pH values. The
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dissociation constants of pyridineresidueof polymers
inthe absenceand presenceof el ectrostaticinteraction
(PK,) are lower than for the monomer anal ogue 4-
ethylpyrine and depend on molecular weight and
concentration of PAVP,

Thecritical protonation degree (0.2) isevauated
by using two different techniques, conductimetry and
potentiometry, which givetwo near and smilar values.

2.EXPERIMENTAL

2.1. Apparatus
Viscosimetric measur ements

The viscosity of P4VP was measured with an
Ubbelohde viscosimeter at (25+0.1)°C in ethanol
solution.

Light scattering
Brice-Phenix Light Scattering Photometer wasused.
Nuclear magneticresonance spectra

'H NMR spectra were recorded on Bruker 400
MHz spectrometer at 25°C in deuterated chloroform
(CDCl,) assolvent.

Conductimetrictitrations

Conductance measurements were done with
“Conductivity Meter CDM210” (constant=1cm™) in
water/methanol usingadoubleplatinium eectrode. The
equilibrium was reached after approximately 15 mn.
Thevessdl wasthermostated at 25°C.

pH metrictitrations

pH metric titrations were performed in a
thermostated vessel at 25°C using a “Denver
Instrument” model 225, equipped with a Schott
combined € ectrode. Thesystem was standardized with
bufferssolutionsat pH 4.01 and 7.02. Inthe high pH
range, the stabilization of the pH solutions of P4V P
needed afew minutes; thus, further addition of thetitrant
was delayed until aconstant valueof pH.

2.2. Preparation and characterization of thelinear
PAVP

P4V Pwas prepared by radical polymerization of
4-vinylpyridine(65°C at 15 mmHg, n*=1.5520, using
AIBN as initiator, in toluene at 60°C following
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described procedures 9.,

P4V P samples were fractionated by successive
dissolution-precipitation stepsin thefollowing solvents:
chloroform/hexaneor methanol/ethylacetate. Threemain
fractions (P4V P1; P4V P2 and P4V P3) were obtained
inthisway with molecular weights: 6x10%, 18.45x10¢,
44x10* g/mol. Molecular weightswere cal cul ated by
Mark-Houwink law (1) proposed for the P4V P/ethanol
system at 25°C[9,

[n] = 6.08x10* Mwo 6t 1)
Where [1] isthe intrinsic viscosity and Mw is the molecular
weight.

'HNMR spectrafor both samplesof PAVP(CDCL,
d ppm) present following signds: (8.31; N-C-H); (6.37;
N-C-C-H); (1.51-2.37; -CH,-CH-).

2.3. Preparation of solutions

Asrecovered fromthe polymerization (ie,, inbasic
form) P4V Pisnot solubleinwater. Thus, thesampleis
first dissolved in methanol. The sol utionswere prepared
at least 24 h before experiments, and homogenized at
25°C by direct dissolution in methanol. In the case,
100% water, the P4V Pwas dissol ved in minimum of
chloride hydrogen. The sol ubilisation was determined
inphasediagrams.

2.4 Solubilisation of PAVP

The phase diagramswere carried out in order to
estimatetheakility of P4V Ptodissolveinwater/methanol
mixtures. Severa flasksof different concentrations of
PAV P: P4V PL; P4V P2 and P4V P3 samplesin water/
methanol were prepared at 25°C. The mixture was left
about threehoursunder shaking, to ensureequilibrium.

2.5 Concentrationsof PAVPfor titrations

Theconcentration of thepolymer for titrationswere
1.6x10%107.98x10° monomoal/l; 20 ml of the solutions
were titrated by HCI prepared in water/methanol
because P4V Pis prepared in water/methanol (C,, =
10xC,, ). Thedielectric constant () depends upon
the composition of the water/methanol mixture. The
dielectric constant ¢ for mixture of solvent was
cd culated®” from theva ues of ¢ of each pure solvent
pure*® and empiric equation of Osta*® for mixture
solvent, when water issolvent 1.

e=g*(g,-1) (26, +1)/(2¢,- (- 1)]x X, V,/V 2

—= Pyl] Peper

WhereV isthe molar volume, calculated for molar volumes of
pure solventsV, and V,
V=xV+x.V
When x| and x’, were molar fractions for solvents 1 and 2.
Polymers are characterized by their average
dimensionlesscharge density parameter £
s

&= €

Where | is the Bjerrum length and | is the average charge
spacing along the contour of the polymer).
2,26

| =
B ek BT (4)

Where, ¢ isthedielectric constant, k;, isthe Boltzmann congtant,
T isthe absolute temperature, Z, isthevalency of the polyion,

Z isthevaency of the conter-ion and eistheelectronic charge)

== ©)
Q;

Where aisthe length of the monomer and o, isthe ionization

degree.

Thetheory of Manning™® indicatesthat for £<|z_*,
where z_is the counter-ion vaence, there are no
condensed counter-ions. When & >|z_[*, sufficient
counter-ionswill condenseon the polyionto lower the
value of the charge density parameter until £ reaches
thecritical value&* =z |*

&* =1 for monovalent counter-ionsand &* = 1/2for divalent
counter-ions

From critical chargedensity £*, wecdculatea., .

Following Manning®), for o>a., , theadded H* ions
remainsin solution and cannot react withthefollowing
N base.

Theneutrdization degree o iscal cul ated by:

()!:L%1 (6)

Thewater capacity to separatethe chargesishigh
compared to that of methanol. Thus, addition of
methanol to the mixture decreases the strength of
dissociation which becomes very low for 1:1 ratio
volume composition. The protonated PAVPisalow
charged polyelectrolyte (TABLE 1) because o, <0.4in
water and inwater-methanol mixture.

2.6 Phasediagrams

The phase diagramswere obtained according to
thefollowing procedure. The polymer sampleswere

—r—,  \lBCromolecules
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TABLE 1: Dielectric constant, Bjerum length and critical
ionization degr ee of P4V P with different contentsof water in

thesolvent mixtureat 25°C.¢__ =33
% Water 50 60 70 80 90 100
€ 41.16 59.86 71.04 7589 7880 785
I (A) 136 935 788 738 717 713
Qic 0.188 027 032 034 035 0.36

4
2000 — i‘. bi i
'::E 4000 —| »
[ a] T T T T
.00 10,30 Z0.00
c(mg/ml)

Figure1l: Molecular weight effect on P4V P solubility in
water/methanol mixturesat 25°C:- x: P4VP3, 0: P4VP2,
A: PAVP1
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Figure2: Conductance variation vs o.of P4VP solution
water/methanol at 25°C:-x: P4VP3, 0: P4VP1
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Figure3: Conductancevariation vsa of P4VP solution
(2.0x10°M), in 50 % water/methanol at 25°C. x: P4VP3,
o: P4VP1

dissolved in methanol. Equal volumes of polymer
solution and sol vent weremixed and vigoroudly stirred
until reached equilibrium. Thediagram showninfigure
1 hasbeen established by visud observation, threedays

after the preparation. Three molecular weight were
considered in alarge domain concentration between
0.01-20 ¢/l equivaent t0 0.95x10*-0.19 monomol/1.
Phase diagrams are established by plotting water/
methanol percentage compositionsasafunction of the
P4V P concentration (Cp).

In figure 1, phase separation is observed when
water percentage increases. When the polymer
concentration increases, the phase separati on becomes
more important and the water percentage needed
decreases. For low concentrations, polymer gives
homogeneous solutions at high water percentage
composition. For polymer concentration morethan 4
mg/ml (0.038 monomol/l), the polymer becomesnon
soluble in solvent mixtures rich in water (water
percentage>64 %). At high concentration, P4V Pforms
alargenumber of intramolecular interactionsleading to
chain contractions. The diagrams always contain two
main regionsseparated by thedemixing curve. Thefirst
bel ow, we observe aphase transition and the second
above, leading to non transparent solutions. Figure 1
showed aso that the P4V P solubility isnot dependent
on P4V P molecular weight.

Poly(4-vinylpyridine) and proton interactions
(P4VP-HY)

Conductimetric behaviour

Conductimetry can be used to detect a strong
interaction betweenionsand polyions?!, and therefore,
it givesinformation on the condensation of the counter-
ionsonthepolyion.

Thisphenomenon can befollowed and studied by
using Manning modd ',

Figures2 and 3 describe theconductivity variation
of P4V P solution accordingto aphaa, at 25°C in 50
% water/methanol solution and for a given P4VP
concentrations 1.6x10“ monomol/I and 2.03x103
monomol/l. The conductance of P4VP solutions
increaseswith a.

At o >0.2, we observe that y increases more
rapidly. Thisindicatesthat the proton H* bounded on
thepolymer until critical o, whereafter thefixationwill
bemoreweak. Thus, conductimetrictitration provides
information on themobility of the polymer chainasa
function of thes ope of the conductance curvevs. o/?Y.
Thedecrease of thedopefrom o equal to 0.2 (figures

Macromolecules
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Figured: Titration curvesof P4VP1in50% water/metha-
nol at 25°C :-x:C_,,_=7.98x10°M; * : C__=4.06x10°

P4VP P4VP

M;0:C,, ,=3x10°M; 0. C_, ,=242x10°M;VC_, =
2.03x10°M; 0: C_, . =15x10°M; ®: C,, =7.98x10°

P4VP
M; @mC,,,,=7.98x10*M; *:C_, ;=16x10*M; ¢ :CEtpy
=1.6x10* M

P4VP

o
Figure5: Titration curvesof P4VP3in 50 % water/metha-
nol at 25°C:-x:C_, = 7.98x10°M; *: C,_, .= 4.06x10°

P4VP 4P

M;0:.C,,,=3x10°M;0:C_, ,=242x10°M; V. C_, .
=2.03x10°M; 0:C_, .= 1.5x10°M ; & :C,, ,=7.98x10*
M; m@: C,,,=4.06x10*M; *.C_, ,=1.6x10"M; ’Capy
=1.6x10*M
_‘:'.\.r.,H.:'--.
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Figure6: Variation of theappoérmt dissociation constant
pKapp vs. a.for P4VP1in 50% water/methanol at 25°C:-
CP4VP =0.798x10°M ; 0CP4VP =4.06x10°M; 0O:C
=3x10°M; 0: C,, ,=242x10°M; V:C_, = 2.03x10°?
M;%: C,, . = 15x103 M; *C_, . = 7.98x10*M; OI:
CP4VP=4.06x10"M; AC,, .= 1.6x10"M;#C_, =149
x 104 M.

pavp

PavP

2and 3) indicatesanincrease of theaveragedimension
of thepolymer.

—= Py Paper
Potentiometric behaviour

Fuossand Strauss™ carried out the potentiometric
titration of partidly protonated pol y(4-vinyl pyridine) but
did not consider thewholerange of protonation degree
a. Thevaueof pK at o=0.5,wasfoundto be3.0-3.2.
Kirsh® used the complete potentiometric titration of
P4V Pin the ethanol /water mixtures. Theresultsshow
that both pKaat 0=0.5 and pK , are considerably less
than pKaof ethylpyridine. Satoh® showed the same
results, inthepresenceof 0.1 M NaCl or 0.1 M sodium
benzenesulfonate in agqueous and in 45 % aqueous
ethanol solution.

Infigures4 and 5, are plotted thetitration curvesof
P4V P1 and P4V P3, at different concentrations, and
that of ethylpyridinein 50% water/methanol solution.
Theseresultsindicate that the monomer ismorebasic
than the P4V P of both low and high macromolecul ar
weight. Indeed, it isknown that the second protonis
lessreactivethanthefirst. Thiseffect isobserved when
amolecule hastwo or several sitesof ionizationina
closed space. Theionization energy of agivengroupis
consderably larger if thecloseStesaredready charged.

This effect is well expressed in the case of the
polyelectrolytes. The pH decreases with the polymer
concentration for both P4V P1 and P4V P3.

Thetitration curves of P4V P vary with polymer
concentrations (figures 4 and 5). For concentrations
superior than 2.10°M, the pH decreasesregularly. In
contrast, for low concentrations, the curvefor 1.6x10
“M concentration is more complex, reflecting the
conformationd transition between o=0.1and0.2. This
istypicd tothetitration of atight compact conformation
inwhichthe cohesiveforceskegpthe pyridinium groups
closetogether, thusincreasing the pKa. Inthisrange of
a: 0.1-0.2, the electrostatic repulsions begin to exceed
the cohesiveforcesand the compact conformationdeds
with adecrease of the pKa. Thetitration curve of the
moleculemodd ethylpyridineistypical of weak base
and no specia behaviour isobservedinthisrangeof o.

Another usual way to plot the pHmetric titration
data of polyelectrolytes, isto represent the apparent
pKa?2. The negative logarithm of the apparent
dissociation constant, pKa, defined by:

a
Ka=pH +log ——
pKa=pH + Og[l—a} (6)

—r—, @ Cromolecules
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Figure7: Variation of theapparent dissociation constant
pKapp vs.afor P4VP3in50% water/methanal at 25°C:-

+: C,,p=7.98x10°M; 0: C_, .= 4.06x10°M; O:C,, . =
3.10-3M; 0:C,, . =242x10°M; V: C_, = 2.03x10°M;
*: C = 1.5x103M; *: C = 7.98x10*M; C

P4VP PavP

=16x10°M ; #C,, =1.49x10*M

P4VP

4,06x10“M ; A:C

P4VP

isnot constant. But, it increases or decreaseswith a
for polyelectrolytes. The pKacan be expressed by a
sum of two termsag?®
0.434( 8Gel
RT (WJ @

whereK  istheintrinsic dissociation congtant, pH isthe
acidity or akalinity of asolution, o isthe degree of
protonation, T absolutetemperature, R thegas constant
and Gel is the electrostatic Gibbs free energy of
dissociation of onemoleof protons. Theplotsof pKa
versusa at different concentrations of the P4V P1 and
P4V P3 polymers, are shown in figures6 and 7.The
pK adecreaseswiththeionization degresuptoaminimal
value 0.2 for concentrations ranging from 3x103 to
0.01M. ThepKaisstabilized intherange: a=0.2-0.6.
Above a>0.6, the pKagrowsdlightly. For concentra
tionsranging between 2.03x10% and 1.6x10“M, the
pKaincreasesat the beginning of the neutralization for
very low vaues until reaching amaximum, after which
the pKa decreases quickly with a. Then, pKa is
stabilized in o range 0.2-0.6. After a=0.6, the pKa
restarts growing. The pKavalues of the P4VP1 and
PAV P3 arewesker than that of the 4-ethylpyridinewhich
presentsmoregreat basi ¢ grength. pKamaximumvaues
of PAVP1 and PAVP3 for 1.6x10*M concentration
are higher than the corresponding ethyl pyridine pKa.
ThepKavaluesof the sample of strong mass P4V P1
arelower than those of sample P4V P3 of low mass.
Furthermore, morethe molecular weight ishigh, more
pKaof P4V P polymer isweak. Thus, anincreasingin

pKa=pKgq+
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themolecular welght decreasesthereactivity of pyridinic
bases. It isalso observed that pK adecreaseswith the
P4V P concentration in the range 0-1M. For weak
polymer concentrations, el ectrostetic interactionsinduce
an easy expans on chains. For the concentration range
1.06x10-2.03x10* monomol/l, the PAVP has an
helicoidal conformation and the curve maximum
correspondsto amaximum activenitrogen atoms. The
charged N* far from the carbon backbone makes
possi blethisconformation, withaminima energy.

In Contrast, with Mandel conclusions?? which
considersthat the concentration influence could be
neglected, we show here that the pKa variation
according to a. depends on both concentration and
P4V P molecular weight. Kirsh® showed that pKa
remains constant in alarge range of molecular weight
between 3x10* and 10° g.mol* and for concentration
range 2x102-2x10* monomol/I. In our work, we used
a large domain concentration and two different
mol ecul ar weights compared to the Kirshdata®. For
the same concentrations, we found the same
experimentd results. Thesmdl quantitative difference
isdueto different natures of the used mediums. The
change of the curves shape for the much diluted
concentrations, inthevicinity of a=0.01, enablesusto
concludethat the PAV P exigtsinitially under different
conformation. Aninteresting behaviour isobserved for
pKa variation according to o, for much diluted
concentrations. The pKashow amaximum ranging
between 0.01 and 0.08. For low concentrations,
changing curves is explained by hydrophobic and
hydrogen bonds properties of the pyridinium groups.
This behaviour is connected to the conformational
trangtion. Thus, for thediluted system, thelow basicity
observed with the increasing concentration can be
attributed to the missing hydrogen bonds.

Severd Authorsconsider that thepK  isanintrinsic
vauewith the monomeric unit and takesthe val ue of
the pKa acid or basic monomer®!, Other authors
deducethe pK  starting fromthe variationsfrom pK
accordingto o, whileextrapolaing. Arnold and col .2
and Katchal sky!®” obtain pK by respectively using
solutionsdlightly concentrated in the presence of salt
for low molecular weights. For the P4V P, we used the
pK , ethylpyridine and those found starting from the
adjustment of Mandel®!. Mandel?® has suggested to
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Figure8: Ajustment of pKaby polynomial Mande equation for PAVP1and P4VP3:-a: C,, ,=7.98x10-3M; b: C
=4.06x10-4M; i: C

4.06x10-3M; g: C_,,.C,, .= 7.98x10-4M; h: C

P4VP~PAVP P4VP

.00

2
]

i :E-m’d-%m;
Figure9: Variation of thepK 0 vs.thepolymer concentra-
tion:-+: P4VP1, 0 : P4VP3 et *: Etpy

TABLE 2: pK , Valuesof thepolymer sand monomer at 25°C
in 50 % water/methanol solution

R

M onomer, polymer pKo
4Etp 5.09
P4V P3 4.04-4.64
P4V P1 3.59-4.67

adjust the experimental variations of pKa by a
polynomid functionwith
pKa=pK +¢,a+¢,a’+.... (8)

In order to represent the variation of the pKa
according tothea neutrdization degree, withinthelimits
of experimental errors, we chose the eight degree
polynomia, which givesthebest correlations(figure 8)
between the pKaexperimental and calcul ated results.

Figure9 showsthevariation of pK vs.a.. ThepK
vauesof themonomer 4-ethylpyridine, the P4V P1and
PAVP3 aredifferent.

Itisseenfromthe TABLE 2 that pK  of the mono-
mer ana ogueishigher than those of the P4V P3 than
the PAVPL for the concentrations ranging between
(7.98x10° monomol/l and 7.98x10* monomol/l).

The pK, of polymers increases when the
concentration decreasesto becomecloseto the pK  of
the ethylpyridinefor concentrations (4.06x104-1.06
x10*monomoal/l). Thedissociation congtant of pyridine
function of polymersin the absence of electrostatic
interaction (pK ) are lower than for the monomer

pavp

=1.6x10-4M; o: PAVP3-P4VP1

P4VP

and ogue4-ethyl pyrine and depend on molecular weight
and concentration of PAVP.

Effect of concentration

P4V Pisnot solublein neutral medium. But, itis
solubleinacidicagueous solution andin water/methanol
mixture. Even, invery diluted HCI solution, someof the
nitrogen ringsare protonated. Asthe concentration of
HCl increases, thenumber of nelghbouring charged rings
Increases. Asaconsequence of repulsiveinteractions
between nel ghbouring charged rings, the P4V P polymer
coil expandsand assumesarod-likeconformation. This
conformational reorganization causesadecreaseinthe
polymer basicity. Whenthetitrationiscarried out, at
polymer concentration superior than 1.6x10*monomol/
|, thetitration curve of P4V Pdrasticaly changes. Thus,
we can assume that the compact conformation is
stabilized by hydrogen bonds, which are destroyed at
high polymer concentration.

CONCLUSION

A set of poly(4-vinylpyridine) were synthesized by
free radical polymerization and characterized by
'HNMR. The weight-average molar mass were
determined by light scattering and viscosimetry. The
PAVP-H* interactions was studied at 25°C by
conductimetry and potentiometry in 50 % water/
methanol solution to obtain the total range of
neutralization (0-1). Theeffect of themolecular weight
and P4V P concentration, on the potentiometric
behaviour, was investigated. The P4V P critical
concentration Cp* (4 mg/ml) at phase separation, is
expected to be independent on the P4V P molecular
weight. pKa and pK  depend on both P4VP
concentration and molecular weight. Theincreasing of
the protons H* caused anincreasing of the pyridinium

—r—,  \lBCromolecules
/447%%%%!



120

Potentiometry and conductimetry characterizations of poly homopolymer MMAIJ, 4(2-3) December 2008

Full Paper e

groupswitch destroyed the compact conformation for
the P4V Pin agueous'methanol solutions. Conformation
changing are observed at 0.=0.2 (degree of neutraliza
tion) showing that an equilibrium existsbetween N and
N* inthe present system. Good agreement was obtai ned
between the experimental potentiometry and
conductimetry results.
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