Chapter 11: Properties of Solutions

*11. 1 Solutions
- most of this section should be a review

- solute vs. solvent
-- solute is the species that is added to theisols the more dilute/less

concentrated component of a solution
-- solvent is the species that is in abundande-ftore concentrated component

-- when solute is added to solvent — a solutidmois

*11.2 Energy Changes & Solution Process
- we start our discussion with solubility — “likésdolves like”

-- polar solvent will dissolve polar/ionic compals

-- nonpolar solvent for nonpolar compounds
- next, we assume that the formation of solutidkesaplace thru the following steps:

1 -- solute is separated into its individual comgrats — endothermic
2 -- the intermolecular forces btwn solvent molesiare overcome to

accommodate the solute components - endothermic
3 -- solvent and solute interact thru intermolactdibrces — exothermic

--overal: AH_ =AH, +AH ,+AH,

- there are two possible scenarios for it
Figure 11.2 from text
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-- (a) showsamr_,<vu
--- this means that when the solute is addebtdsolvent it is easily

dissolved and so the solution is generated witbweiaddition of

heat
--- in other words the solute is soluble in thbésent

--- e.g. NaCl into water

-- (b) showsAH_,, >0
--- in this case heat is needed to force thetsahto the solvent

--- this is an example of an initially insoluldiuation
--- e.g. CaSQinto water

*11.3 Units of Concentration
- ways we can relate solute and solution
-- Molarity, M: moles of solute per L of solvent



_ molesof solute
L of solvent
-- mass percent/percent by weight
mass of solute
mass of solution
-- mole fraction — which we just did in the lastpier
Xa =—Th_=Th
nA + r-]B ntot
-- molality, m: moles of solute per kg of solvent
_ molesof solute

kg of solvent

-- parts per million, ppm
o= mg of solute = gof solute

- kg of solvent g of solvent

Mass percent =( ]xloo%

* 11.4 Factors Affecting Solubility

Structure

- recall covalent bond is one in which the electraresevenly shared - e.g. btwn C
and H

- an example would be oil which is composed primasflC &H

- solubility is related to how well two substanece together or their miscibility

- when two substance mix to form a homogeneoustielare miscible - e.g.
alcohol and water

- immiscibility is when two substances do not mixetiger - e.g. oil and water

Figure 9.8 fromChemistry the Science in Context

- the universal rule for solubility is that "likesgolves like"
-- a polar solvent like water can dissolve andat@ polar molecules
--- these molecules are hydrophilic "water loving
-- a polar solvent cannot dissolve non-polar males like oll
--- these compounds are referred to as hydropHelater fearing”
- the more hydrocarbon chains a substance corttan®ore hydrophobic the
substance is
-- such species are only slightly soluble in water
-- this small solubility arises from dipole-induedbole interactions
- Ex: Which compound will be more soluble in water?



a.) CCl or CHCE b.) CHOH or GH1;,0H c.) NaF or MgO

Pressure Effects

- primarily important for gas solubility

- Henry's Law: gas solubilityl] Pyasor Cyas= krPgaswhere Gasis concentration of
gas in solution andikis Henry's constant for this gas in a particutduton
-- as we increase the pressure we increase thearwhpaseous moles we can

push into solution

-- the opposite is also true

- Example: Calculate the solubility of oxygen interaat 20C and an atmospheric
pressure of 0.35 atm. The mole fraction gfi©the air is 0.209 and
ko2 = 1.3 x 10° mol/L*atm.

What do we know? T = 2€ + 273.15 = 293.15K, 2 = 0.35 atm, %, = 0.209
koz= 1.3 x 10° mol/L*atm
What do we want to know?dz
What relationships do we knowF= Potai Xo2, Coz = kuPo2
Po2 = 0.35 atm* 0.209 = 0.07315 atm
Coz = 1.3 x 10° mol/L*atm*0.07315 atm = 9.5 x TOmol/L
Temperature
- we have already mentioned that we can increasefd@rce compounds together
- | should point out that if we are trying to miglpr and nonpolar species no amount
of heat increase will ever cause miscibility
- previously, | eluded to the idea that the sigi\ef,,is a predictor as to the

solubility of two species

-- while it is true to some extent there are mathgpfactor which must also be
Considered

-- to be technically correct we must perform expents to truly determine the
extent of miscibility or immiscibility of two spees

* 11.5 Physical Behavior of Solutions: Colligativé’roperties
*11.6 The Vapor Pressures of Solutions Raoult’'s Law

- vapor pressure increases with increasing temperatur
Figure 9.11Chemistry: The Science in Context
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--when T increases so do the molecular motions amdlity for a molecule to
escape from the liquid and go into the gas phase
-- since the pressure of the atmosphere is lowegaehielevations - less
temperature is required for water to boill
- if we place a glass containing distilled water ané with seawater in a closed
system after a bit of time we will see the volumehe distilled glass diminish as
the volume in the seawater glass grows
Figure 9.10 fromChemistry: The Science in Context
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-- this figure is similar to Figure 11.9 in yowxt

-- water escapes from the distilled beaker mustefa

-- since the system is enclosed, the distillecewkduefies back into the salt
water beaker

-- the driving force is that water wants to soévte salt - this is also why we use
dessicator packets of salt to keep water out afitgagyoods and other
products

-- Take Home Message: the presence of a nonwkilute lowers the vp of a
solvent

- we calculate the vp of a solution using Raoldi's

-~ Psolution = Xsoivent Psolvent

-- Ex. What is the vapor pressure of water in ©80nixture of glycerol (B3nsos
=1.261 g/mL) and water at 25 (P20 = 23.8 torr)?



assuming 100mL of glycerol and 100mL of water:

1.261g_ 1 mol
100 mL of X X = 1.37 mol of
GhQ mL  92.097 g EHE

1.0009>< 1 mol
mL 18.016 ¢
X, o = 5.55 molofH O ~0.802
© " 555 molof H O +1.37 molof C H O
P, = 0.802 23.8 torr =19.tbrr

soln
- homogeneous mixtures and Raoult's law
-- an example such of a mixture occurs in thegbetim industry
-- oil is composed of a number of different hydadaon such as octane and
heptane, etc.
-- these different compounds have similar butedéht bpts
-- we can separate them by performing fractiomgtiltion in which a mixture is
boiled and re-condensed into their various comptanen
--- the compounds which are most volatile (mostiilgeevaporated) have
the lowest boiling points and they will go to tlog tof the tower
since it is harder to re-condense them
--- those compounds with the highest boiling poBre easy to condense
and are collected in the lower portion of the tower
-- relationship btwn mixtures and Raoult's lawiP= Z(X1*P1)
Figure 12.2 fromChemistry: The Science in Context
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--- solutions which have similar solute-solute uselsolvent, and solvent-
solvent interactions behave as an ideal solution
--- in other words they are obey Raoult's law
--- solutions in which these interactions diffevdde from Raoult's law
Ethanol & heptane
Figure 12.3 fromChemistry: The Science in Context
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--- positive deviations — the vp is lower than vweapected
(e.g. water & ethanol — ethanol disrupts water’ditglio make 2
H-bonds)
--- negative deviations — the vp is higher thaswexpected
(e.g. CHCI3 & CH3COCH3 — H-bonds are formed lestw
species making the intermolecular forces stronggm those of the
pure liquids)
-- Ex: At 20°C, the v.p. of ethanol is 45 torr and the v.p. etimanol is 92 torr.
What is the v.p. at 2@ of a solution prepared by mixing 75g of methanol
and 25g of ethanol?

2595t MO G OH_ 5 5157 moles of ¢ 1 OH

46.07g

5 L Mol CH OH_ 2.3406 moles of CH OH

32.043g

Xepon = =022l 0 1882
" 7 0.5427+ 2.3406

X g on =1-0.1882= 0.8118
Pow = XenonPoron® XenoPeayon= 0.1882*48rr + 0.811@2torr
P = 830rr

total

*11.7 Boiling-Pt Elevation & Freezing-Pt Depressin of Solutions
- relationship btwn vp and bpt
-- a liquid boils when its vp equals the atmosphpressure
-- in our saltwater example we raised the bptdxireg salt to water
-- in other words it also requires more atmosphgressure than water to boil
- as we said previously, the addition of a nonvigatolute will raise the bpt of the

solvent
-- in phase diagram terms — the liquid/vapor Imshifted to the right (toward a

higher T)
-- the elevation of our bpt is dependent on theceatration of the solute:

AT, = K,m,,. WhereAT, is the change in bpt K, isaconsm,, is

the molality of the solute
- Ex: If the boiling point of a sample is 2.3 Celgiabove the boiling point of pure

water, what is the molality of NaCl in the sae®IK, .., =0.52°C+kg /mol



_AT, _ 23C _ 4 ermolesNaCl
K, 052°C/m  1kgH,0
- we see a similar pattern with the freezing pt
-- if we add salt to ice in the winter — it melts
-- this occurs because addition of a nonvolatlete results in lowering the vp of
freezing and so the ice won't freeze until anrelsver T than 0C
-- the fpt depression is given b&T, = K, m .

*11.8 Osmosis & Osmotic Pressure
- osmosis: when solvent passes through a semipbleneembrane to balance the
solute concentrations on each side of the ionane
-- semipermeable membranes: allow only the soli@pass through
- osmotic pressure: amount of pressure neededpals¢ solvent from following to
the more concentrated side of a semiperregabimbrane
Figure 11.17 from text

Applied pressure,
needed to stop
0Smosis

Pure solvent —F Solution

Semipermeable
membrane

- mathematically = MRT where M is the molarity, R = 0.08242% and T is in K
- how red blood cells operate

- Ex: Calculate the osmotic pressure across a sgmgable membrane separating
seawater (1.14 M) from a solution of normal sa(@&1 M) ata T = 2TC.

M =1.14- 0.3 0.8
Leatm

M =MRT =0.83M x 0.0821|—Kx (273.15 28)= 20m
mol «

- Ex: A solution was made by dissolving 5.00 mdnemoglobin in water to give a
final volume of 1.00 mL. The osmotic pressof¢his solution was
1.91 x 10 atm at 25'C. Calculate the molar mass of hemoglobin.



3 .
T=MRT = M _ T _ Ll;irl: 10%atm — 7 80x 10° moleshemoglobin

0.0821——— x (273.15 2%
mol <K

1L 7.80x 10° moleshemoglobin

1.00mL x = 7.80x 10° moleshemoglobin
1000mL L
5.00mg x 1039
molar masshemoglobin = - Omg — =6.41x 109
7.80x 10°moleshemoglobin mol

Reverse Osmosis

- defn: solvent is pumped through semi-impermeaidenbrane at a pressure greater
thanl leaving behind solute particles

- we use this process to purify water

* 11.7 Colligative Properties of Electrolyte Solutbns - Why doesn’t the ocean
freeze?
- the actual number of ions in solution changesbiiteand fpt
- some ions will make a cluster with an oppositelgrged ion and form an ion pair
-- when ion pairs are form they act like one pagtehd thereby reduce the
number of solute particles in the solvent
-- this leads to a reduction in the previously trared colligative properties
moles of particlesin solution

molesof solutedissolved
- Incoporating this correction leads to the follog/equations:
T=IMRT AT, =iK,m AT, =iK;m
- Ex: The van't Hoff factor for a 0.05 m solutionmognesium sulfate is 1.3. What is
the freezing point of the solutionk, .., =1.86°C+kg /mol

- the van't Hoff factor, =

AT, =iK;m=1.3x 1.86%>< 0.05n= 0.12C



