Battles over pure water or OIL?
One substance with hydrate your body |,
the other will dehydrate (alaxative)
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Solutes, Solvents, Solutions

Dr.Gergens - SD Mesa College

Solutions are mixtures

Solutions (solute in a solvent, three types of solutions)
Solubility (solute/solvent interactions)

Concentrations (amount of solute per amount of solvent)
Solution Stoichiometry
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Add to your notes

Solutions (Three Types of Mixtures)

Besureyou are ableto g_ive exampl_es of how to prepare each?
» Homogeneous uniform mixture

— The soluteis below its solubility limit in the solvent.

» Heterogeneous saturated mixture

— The solute has exceeded its solubility limit in the solvent and
there is visible solute present in the mixture

» Homogeneous supersaturated uniform mixture

— The solute is has exceeded its solubility [imit in the solvent
and the mixtureis uniform throughout.




Solubility (solute/solvent interactions)

* Observed Behaviors
— What is a substance' s physical state at room temperature?
— Prior knowledge of physical properties and structure

» “Likewill dissolve Like“ Behaviors
— Polar solutes will have highest solubility in polar solvents
— Nonpolar solutes will have highest solubility in nonpolar solvents
— Polar solutes will have lowest solubility in nonpolar solvents
— Nonpolar solutes will have lowest solubility in polar solvents

» Determining the polar nature of substances

— Physical Observations - Common Sense Approach

— Evaluating Substance Structure & Polarity
» Drawing Lewis Dot Structure

Evaluating Substance Structure & Polarity

» Molecular Substances (discrete units)

— Draw Lewisdot structures of molecules and evaluating if the
molecule is polar.

— Use of electronic and print mediato look up structure
* http//:www.chemfinder.com
« usetheindex of your textbook.
» Encyclopedias
* Non-Molecular Substances (lar ge 3D-ar rangements of atoms)
— Network Covalent (graphite, diamond, sand SIO,)
— lonic Salts (NaCl , MgSO,, CaCl,)
— Metallic (iron meta,steel)
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SUBSTANCES
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Molecular Substances (discrete units)

Molecular substance solubility in water
“LikedissolvesLike”
to gauge Molecular Polarity

» Sugar dissolvesin water
— Thus sugar molecules must be polar d*
» Methanol CH;OH dissolves in water
— Thus methanol molecules must be polar
» Gasoline-(CH ,)- does not dissolve in water
— Thus gasoline molecules must be NONPOLAR




’_I Molecular Substances (discrete units)

A gasoline molecule is a hydrocarbon made of
I_{ repeating | CH, )— units isnon-polar; NO net dipole

hydr ocar bons ar e non-polar

AT,
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A gasoline hydrocarbon

All dipoles cancel

Molecular Substances (discrete units)

Nonpolar does not dissolve Polar

methanegas  does not dissolvein water

H

H/n d*

gasoline liquid doesnot dissolvein  water




Molecular Substances (discrete units)

Polar physically dissolvesin Polar
opposites attract
physical bonding

//d+
methanol liq dissolvesin
d OHd™ mmmmmmmnnn
opposites attract
physical bond
. H
H
sugar solid dissolvesin

Molecular Substances (discrete units)

The highlighted areais an example of
H hydrogen bonding

methanol dissolvesin

d OHd™ mmmmmmmnnn

[

H

sugar dissolvesin water




Molecular Substances (discrete units)

“Like dissolves Like”

Where ever there are N and O atoms, there are polar areas
* Polar dissolves Polar

— Vitamin B, (folic acid)

% >@

— Vitamin C (ascorbic acid)

Water-soluble vitamins must be taken Into body daily, asthey cannot be
stored are excreted within four hours to one day, ref. Nutritional Healing

Molecular Substances (discrete units)

“Likedissolves Like”
« Non-Polar dissolves Non-Polar
— triacylglycerine, a non-polar human body fat (lipid)
i
S~
N ) o SO
— Vitamin A, retinol (fat soluble; lipid soluble)

‘ OH

Vitamins D, E, & K arefat soluble - What would betheir overall polarity?
Oil-fat soluble vitamins can be stored longer in the body’ s fatty tissue
and liver. ref. Nutritional Healing




Molecular Substances (discrete units)

Predict whether the substance is polar or nonpolar
based on it solubility behavior in H,O

sugar CeH1204 polar
baby oil CyoHa nonpolar
candle wax CyoHg nonpolar
ethanol C,H:OH polar
oxygen O, nonpolar
iodine I, nonpolar

Non-M olecular Substances (lar ge 3D-arrangements of atoms)

Non-Molecular Substances
extended arrangements of repeating units

* Network Covalent Substances
— (X-X=X-X=X-X-X-X)

» Metalic
—~(M'eM'eMeMeMeM’e)

e |onic Salts
— (M X M X M X M X" M"™X"M*X")




Non-M olecular Substances (lar ge 3D-ar rangements of atoms)

Non-Molecular Substances

» Network Covalent Substances
— Generaly insoluble in most solvents

Non-M olecular Substances (lar ge 3D-arrangements of atoms)

Non-Molecular Substances
« Metdlic(M'eM'eM'eM 'eM’'eM’e)
— M¥inaseaof electron €

* Metal mixture solutions

— Alloys are solid solutions of metal mixtures

* bronze a homogeneous mixture of Cu and Sn

* brassa homogeneous mixture of Cuand Zn

« steel a homogeneous mixture of Fe and less than 3% by mass C
— Amalgams

« Any aloy of mercury metal




Non-M olecular Substances (lar ge 3D-ar rangements of atoms)

Non-Molecular Substances

* Aqueous Solutions
— Water is used as a solvent
» The symbol (ag) is used to represent an aqueous mixture
* lonic Salts (aqueous solutions)
— Water is capable of dissolving alarge number of salts
— Some solubility rules for ionic salts need to be memorized

Non-M olecular Substances (lar ge 3D-arrangements of atoms)

Solubility Rulesfor lonic Saltsin H,0O

' AL
(/

§> @:‘%{lﬂlm ; mﬁ?

Memorize the below rules: This solubility separation

All ionic saltsof group | ions, | iscalled

— Li*, Na, K* are solubulein water | Solvation-dissociation”
) . . with physical attractions
All ionic salts of nitrateion, Py T

— NO3_aI’eSO|UbU|ein water ””””””

All ionic salts of ammonium ion, | between the polarity of

— NH," are solubule in water water and ion chargﬁ”””””
HTHTEIN

Water wedges in between
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Solubility Summary

Solubility is define as the ability for solute to dissolvesin agiven
amount solvent.
1. A solution is amixture solute and solvent.
There are three types of solutions:
a. soluble solute unsaturated solution - homogeneous solution,
solute is below its solubility limit. of the solvent.
b. insoluble solute saturated solution - heterogeneous solution,
solute is above its solubility limit of the solvent.
c. soluble solute supersaturated solution - homogeneous solution,
solute exceeded its solubility limit of the solvent.
2. "Likedissolveslike." The general solubility of substances can be predicted:
a Polar solutes are most soluble in polar solvents.
b. Nonpolar solutes are most soluble in nonpolar solvents.
3. Solute Solvent Interactions
a. hydrogen bonding-hydrogen bonding; dipole-dipole
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Solution Concentration
(amount of solute per amount of solvent)

* Theratio of the amount of solute to the amount of
solution is known as the concentration of the
solution.

anount of sol ute
anount of sol ution

Concentration =

11



Molarity

* Molarity isaway of counting particlesin solution

nmol es of sol ute
liters of solution

Mol arity =

» Aqueous Standard Stock Solution of known Molarity
— Calculate molar mass
— Calculate the number of moles of substance
— Determine the mass of substance in grams
— ldentify the total volume of solution

Weigh out 12 moles of HCI

/7'\

Dissolved up to onethe liter mark

. o

The solution above affords a concentration which is
aratio of 12 moles of solute per one liter of solution
A 12 molar solution of HCI = 12 M HCI

12



Standard Stock Solution Calculation

Prepare 500 mL of al Ab@: ock solution.

» Agueous Stock Solution Molarity
Calculate molar mass
KC' 1Kx39.1= 39.1

1Clx355= 35.5
74.6 g/mol

» Cadculate the number of moles of substance in the given volume
nol es of solute = (Mdlarity) x (liters of solution)
nol es of solute

Mlarity = liters of solution
(500x 10°L) x (1 M) = 0.5molesKClI
» Determine the mass of substance in grams
(0.5molesKCl) x  746g/mol = 40gKCl

 |dentify thetotal volume of solution
Dissolve 40 g of KCI up to atotal volume of 500 mL

Dilution

» Oftenitis necessary to make dilute
solutions from existing stock solutions

 Dilution is simply adding more solvent

 The moles of solute in adilution reman
unchanged

"n" noles of solute = (Mdlarity) x (liters of solution)

mvi =(n) = MV,

13



What would happen if our one liter of 12 molar HCL was mixed
with an equal volume of pure water?

What is the new molar concentration of the two liter solution?
12 moles per 2 liters of solution or 6 molar =6 M HCI

A dilution of a stock solution
» Prepare a100-mL solution of a0.1 M KCI

from a1 M KCl|stock solution
MV T WY,
Starting Ending
concentration concentration
SolvingforVy v = | MV,| = (0.1M)x (100-mL)
M (IM)

10 mL of 1 M KCI needsto be diluted to atotal of 100 mL
in preparing a this diluted solution.
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Titrations

» Solution Stoichiometry

TITRATION
Dr. Gergens - Mesa College

Titration - The process of adding a standard solution from a buret to a sample
until a reaction is complete, at which time the volume is accurately measured.

Neutralization - The reaction of an acid with a base to produce salt and water.

HCI (aq) + NaOH (aq) --—-- > NaCl (aq) + H,O0 (D)
where the
MpV A molar coefficient of acic
MgV molar coefficient of ba:

Example 1: NaOH of known molarity in the buret below is titrated to a 10.00 mL
HCI sample of unknown molarity. Complete the table for Trial 1. Using the given
titration data from Trial 1 an 2, calculate the average M of the unknown acid.

Trial 1: Buret reading for the addition of base.

25

—]
\T/¢= Vi=0.26 mL

[

= V=
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