Physik-Praktikum: DIS
Results

The Process of Freezing
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The graphof the first measurementioesnot reacha maximum; actually, this should not happen,

maybethe temperaturalistributionwasnot homogeneouso the thermistordid not measurehe right
temperature. At the following measurements, we stirred more intensively, and it did not happen again.
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Calibration of the Thermistor

To calibratethe thermistor,the temperatureand the correspondingesistanceof the thermistorare
measuredat different temperaturesn the range between-6 and 0 °C. The adjustmentof the
temperatureés quite a problem:we canonly addwateror ice/saltto raiseor to lower the temperature,
soit is likely thatit doesnot changeasfast/slowasexpectedAt first, we startedat -6 °C andadded

waterto reachO °C; becaus®ur measuremenidid not look sensiblewe addedce to cool the mixture
down again.
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As onecansee,someof our measurementareindeedcrap.By taking only the measurementhatlie
on the lower-right end of the upperline of this diagramand by assuminga linear relation between
resistance and temperature, we get the following function for the linear fit:

°C
T(R)=-2.39 R +16.79°C
(R) k Q '

With this relation, we can redraw the diagrams (combined in one diagram):
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Onecanclearly seethe differentfreezingpointsfor distilled waterandthe KNOs-solution. Also, that
thetemperaturef the waterafterreachinghe freezingpoint staysconstantmeanwhilethe temperature
of the KNOs-solution slowly decreasegbecausehe solution becomeamore and more concentrated
because the solvent freezes out) is clearly to be seen.
The reasonthat the graphsare shifted in horizontal direction in respectto eachother is that our
measurementsavebegunafterthe testtubehadbeenputinto the cooling mixture andthe thermistor
had been installed, which happenedsometimesfaster and sometimesslower; in this time, the
water/solution in the test tube was already cooling down, before we started measuring.

A Tg=(0.72£0.015 K (calculated from the mean values of the freezing points of water/solution)

Number of Dissolved Particles

M, =M, ,=18.0153kg/kmol; m, =19.9461g; = n,=m,/ M, =1,10812mol ;
Kg,=1.859K/mol;



nl
Kg,-1000g
ATe-M,

n,= =0.00778mol

= Number of dissolved particlesN,= N ,-n', = 4.68-10°* .

Degree of Dissociation

m,=0.5420g; M,= M o, =101.1g/mol; = n,=m,/ M,=0.005361mol;
n', =0.00778mol ; (see above)
z =2 (because two ions are created from one Kitlecule)

n,'n,) —1

X = % = 0.450.
z-1

Questions

What do you understand by an ideal solution?

A solutionis calleda diluted solutionif the shareof dissolvedmoleculess so small, thattheynearly
nevermeeteachotherand cannotinteractwith eachotheror disturb eachother'sinteractionwith the
solvent. That'swhy the reciprocalactionbetweerthe dissolvedmoleculesandthe restof the solution
isn'tinfluencedby otherdissolvedmoleculesBy definition, thisis the casef the shareof thedissolved
molecules is below one percent.

The solutionis calledideal,if therearesofew dissolvedmoleculesthatthereis absoluteno influence
as described above.

Why electrolytes aren't ideal solutions even in case of a high level of attenuation?

If electrolytesaredissolved,jonsarecreatedThe Coulombforcesbetweerntheionscannotbeignored
no matter how high the degree of attenuation is.

Which units are used in common for concentrations?

— fraction of moles(,Molenbruch®): ratio of the quantityof the dissolvedsubstanceo the overall
guantity of the substance

— molality (,Molalitat*): quantity of the dissolved substance per kg of the solvent
— molarity (,Molaritat“): quantity of the dissolved substance per liter of the solution

How is dissociation created ?

Dissociationis the processof polar solventsbeingarrangedphericallyaroundtheions, which hasthe
effect of the ions being separated from each other, the ion grid disappears.

What do you understand by the degree of dissociation? How can it be determined?

The degreeof dissociations theratio betweerthe numberof dissociatednoleculesandthe numberof
all moleculeslit canbe determinedoy meassurindhe electricalresistancef the solutionor (Raoult's
law) by the decreasé€increase)f the freezingpoint (boiling point) (andothermethodsthat arebased
on that, for example the change of the osmaotic pressure).

Why is the vaporizing pressure of a solution of salt smaller than the vaporizing
pressure of the solvent alone?

The vaporizingpressureof a solutionis the ratio of the sumof the partial pressure®f eachsubstance
to thefractionof moles.Becausehe vaporizingpressuref saltsis approximatelyzero,thevaporizing
pressure of the solution decreases by adding a salt.



How you can see from equation 4, that the melting pressure curve is steep?

The differenceof the volumesViqwid - Vsoia (Molarity volume of the solventin a liquid respectively
solid state) is very small, therefore the curve of the melting pressure graghrd® steep.

Explain the way how a freezing bath works. Why does the ice-water-mix cool down, if
salt is mixed in? Is it possible to use another salt?

When extractingions out of the crystalgrid of the salt, dissociationenergyis necessaryagainstthe

Coulomb force that attractsthe ions to the grid). This energyis freed by the arrangemenof polar

solventmoleculesaroundthe producedions (solvationenergy;becauseof the Coulomb forcesthat
attractspolar molecules(like water)to the chargedions). The differenceof the disscociationrenergy
and the solvationenergyis the “solution warmth”. Dependingon which oneis higher,the “solution

warmth” is endothernmor exotherm By addingsaltto the waterendotherni'solution warmth” is freed
andthe solutioncoolsdown. Othersaltswith an equivalentendotherni'solution warmth” canbe used
in our experiment.

Why is the change of the electrical resistance with temperature of semi conductors
higher than that of metals?

This behaviourcanbe explainedwith the bandmodel. The conductionbandof metalscontainsalways
manyelectrongat anytemperatureenoughfor big currents).This is thereasorfor the small electrical
resistance.The resistancerises with rising temperaturesbecauseof the increasedmovement
(,Braunsche Bewegung®) of the particles (atoms/molecules) which disturbs the flow of the electrons.
The conductionbandof semiconductorss emptyat a temperaturef 0 K. Energyis necessaryo put
electronsanto the conductionband;this energyis providedby the thermicenergy(which is Maxwell-
distributed,so at almostany temperaturegexceptO K) electronsarein the conductionband- this is
thereasonwhy theresistances alsoatlow temperaturesotinfinite). With increasingemperaturethe
conductionbandis filled up with moreandmoreelectronsthis decreasetheresistanceBut still, this
limits the current; this effect is much bigger than the disturbance by the particles' movements.

What is meant by "negative temperature coefficient of the thermistor"?

Negativetemperatureoefficientmeansthatthe electricalresistancef the thermistordecreasewhen
temperature increases (as it is typical for semiconductors).



