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Experiment 19

Molar Mass Determination by Depression
of the Freezing Point

he mest comman Tguid We encolneeT 18 aur duily lives 1 water. ln this cxperiment we will study the ey

likia that can cxist hetween pare water and its aqueons solutiuns, and ice, te eolid Form of weatoy, (W Ater
is the only substance For which we have a separate nume for the solid )

If we take some ice cabes [om the refrigeraor and put therm ioin & gluss of wuter from the ap. we find
thul The water lemperaiare talls and seme ice mels. This necurs hecause heat will alwrays tened toy flow From w
higher lu & lower lemperiie. Heat from he wuer Aoas iow the ice. T takes heat, culied the heat of fusion,
to melt ice. 10 there is enough oo present the warer bemperamrs will ultepately fall to 0°C, aod stay there. At
that point, ie2 and water ae i equilihrium, &t the [reering paint of wales. At the freczing point, 17, the vapor
pressupes of ive and wiler musl be equal, and that conditon fixes the temperatare. (Ses Fig. 19. I'.)

Now lel ns consicer what happens if we add 2 seluble liguid or solid w the eguilibrium mixturs of ice aod
water, Rather surprisingly, we find thal ihe temperature of the ice and the solution Falls us equilibrwm is
reestahiished, The reason tbis happens is tal i the solurion Uy vapor pressure of waier i 0P 15 less thao
fhat of the pare ligqoid. S0 the vapor pregesc of bee 2t OFC is higher than hae of the solution, and some ice
melis. This meeuinzs heat, wehich comes fram the solutn and un the ice, and the lemperawre falls, The vapoa
pressures of the ive and the snluiion both Call, but thar of the joe falls faster, and at some lemperaturs T, beliow
- erpuilibrium is esiahlished ar the new froezing point, The sityation is shoem in Figure 19.1. :

The change in the feering peint thal is ohserved is called the [peezing point depression. AT, sgual m
T# - T. Tt is observed with eclutions of amy selvent The freezing point depression is one of the calligative
]:fmp-:rﬁ-.-s of solutions. Others ure the hoding point slevation for non-volatile solutes, e OETROLLe ProssuTe,
and Lhe vapor pressure lowering. The colligative properies of soluriong depend on Use number of solute par-
fcles prosenl inoa given smone of solvent and mot on the kods of particles dissnlved, be they wniooiles,
ALOME, UE 008,

When working with colligative properties it is conveniant p express the solule concentration o lerms vl
its malality m as defined by de grquation:

; e, of moies A dissalvesd
| T E = .
molulivy 0f A=, = 5 moF R solvent i he soln

(1

For this unit of conceniration, the boiling point elevation. T, — 77, of AT, sl the freezing point dopoessinn,
17=Te.or AT, in °C at very loow copcentraliung are given by e cquations:

AT, — kg and AT =kn 121

where &, smi & are charazieristic of the sobvenl naed. Lo Fate, k=152 and lt; - 1.8n. Fuor benzene, &, = 2.53%
and k.= 510, In this experimenl we will assume thist Fquation 2 is valid, even though our soluliong are mind-
eTalely conceniratad.,

Ome of fe clussic uses of colligativs pruperies was in confection with finding, malar masses of unkowwn
qubsAnces, With nrounic molecales, malar misses by LP depressaon agres) with thuse found by other meth-
odls, With jomic salts, 1ike Maill, molir masses wars Loveer than Lhe formoula massss, Cn e basis of such exper-
imaals Ardiemius suppested thal jonic substances 2XIS0 us jons io aqueous snludon, consislent with the:
phaervation hat such solutions conduc an eleclric current. Artening” gensral ide prned sul oo e correct,
and is pow 2 basie part of mndern chermnicad (heory.
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Discussion of the Msthod

Tn this experiment we will shudy the frezzing point behavior of some aqueous solutions. First you will mes-
sure {he freczing point nf pure waler, using a slury of ice angd water. Then yon'll add a koown mass of an
unkninen to the slary. and fiod the freezing point of the solution. thus dgrermining the freezing puint depres-
sion, AT, That allows you o tind the malalicy of e solation. Fioally, you sepurade the solution from the ice
in the mixture, and weigh the solution, which will contdn all of the solule. This informarinn furmstes you
with the composition of the snfution, wnd lets you caleulate the mass of solute in 1 kg of water, The malar muss
fsllosws from Equations 1 and 2.
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FERFOIRMNG THIE EXFIRMENT f
Experimental Procedure

Yisu may work in pairs on this experiment. Both members of the pair must sabrit & repodt. From the stock
room oblain 2 digital thepmometer, an insulated cup, and tvo uoknowns, one Liey il auned one solid, The acoal
molar mass of te solid will be [ormighed tw you.

A. Finding the Freezing Point of Water

Yo will first need to delermine the freecing point of pure waer. Prepiie 3 water-ice mixhire n your insulaed
cup, nsing moees o2 than waler, Stir wall, and record e lowest mperature yol ohasTve for that mixlure.
(Aince your thermometer iy nnt be propedy calibraled, Uhat temperature may nod be 0.07C.)

B. Finding the Freezing Point of a Solution
of Liguld Unknown

Tir the water-ice mixture you need to add & known amount of one of your unknowns, Ler's woek first with the
liquid voknown, Lo estimate the mass of your Liguid © add Lo the mixture, assume that you will have aboul
100 g of water in the final sehation. that the ontality of the solute will be about 2 m, aod thar the melar mass
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il the zolule 15 50 g, Lioe e insululed cup on the wop leading-balance, and add e estimated mass by pour
ing it deran & aticring rod on o the center of the ice-waler mix, Record the mass, Then record the lowest tem-
F peralure you observe alter stiming the ice + solution mixture. You should ohrain a freezing point depression of
at least 4°C. IF yemn nead o, add more of the liquid wnkocwn, weighing the smount sdded. Stir wall and mea-
sure the lowest temperature of the mixture that vou abseree, Then prompiis separale e solulion Tum the 1o
I penaring it through & wire seresn inlo o lirsd beaker on the top-loading balance. (Placc the screen aver the
cup. and pour cat cthe solation, kaeping a cormer of the zereen dosin.) Record the rmisss of the solution.
Make a secomd moler psss mepsurement for vour liquid uoknown. This is casily done if vou pour the
dezanted solution hack into the cup onee you have foond i mass, Add some wiler aod 1ee 1o G we + solu-

Bzt

on mixlure, thereby lowering the molality of the solue. Measare the now freezing povint for thar mistue, E;
Ponre eft amd weigh the solution, &t
W'hen vou bave tinished thiz part of the cxperiment. dispese of the mixore of ice and snlanon bz diecied E.

Tve wor instrucioe. %
|

Determine molar masses as described in the Discassian,
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i C. Finding the Freszing Point of a Solution
of Solld Unknown

Wilh sebd woknowns, you cao ouse (e same geoersl procedurs as with liquids. First, make a solutios of the
a0lid in water, using the same ol mass of solid az you did with the byouad, You can die (s by ong a smadl
v beiker on the top-louding balunce, and adding the solid. notng its mass. Add 2 minimuem amoant of wacer
o diszolve the salid (use at Teast 200 g of watec), Slir until solelion is compleis, Add e enlive solution of the
solid to & pew ice  water i, noting the lowest temperanire you obtain. Decant amd weigh the soluion as
yora dul with the Dagud vakoown,

Apuin, make measurcments at tao ditforent snlace concentrations.

)
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{ ;ff. I the anolar mass vou Gned lor vour salid 1= less thun the actual molar mass, vou have an tonic solid. The E
g ratic of the true molar mass e the value you find is cqual to & quantity called the san®t ol G § Thiz =
[ictor cian be relatsd do the appurent percentage dissociation of the salt vou arc studyving. Fora ;1 sals E:

% dissociation = (i — 1) = 100% (%) =

5

1L luens out thar Lguetion 3 weorks well tor weak clectrobytes like aceric acid, ot is not cormect for salfs like 4
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NalTl, which modarn theoey saspmes are cornpletely wgeed in agueons solulion.

In your eport, note all the masses ohservad and rhe wmpesatures of the eguilibrivin misloees. Beporl e
averige mnolir mosses vou calculate und show how yoo obtained them. 6 you have an ionic zolid, find ¢ and
the % dissociarion as prodicted by the Ahenios theory,

When vou wre finished with the experiment, powr the selation aind the contents of the cup ol be sk,
Retuen the digital thermommeter aod the insulaed cup e the stock Toom.
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