Reactions in Solution

lonsin Aqueous Solution. (theory developed by Arrhenius)
lonic solids (some, nat dl) dissolve in weter creating fredy floating ions
in solution. Theions can move under an goplied dectric current. The
pogitive ions move towards the negative dectrode and the negative ions
move towards the pogtive dectrode. Substances that dissolve in water
to give an dectricdly conductive solution are cdled el ectrol ytes. lonic
subdiances that dissolve in water are, in generd, dectrolytes

Not al dectrolytes are ionic substances. Addsaredectrolytesand are,
when they are not dissolved in water, molecular substances.

Non-el ectrolytes are substances that do not form eectricdly conducting
solutions when dissolved in water. Mogt molecular substances are
non-dectrolytes.

Electrolytes
Srong vs. Week

Andettrolyteisstrong if it dissodaes completdy into ions
in an aqueous solution.

Andectralyteisweak if it does not dissodate completdy into ions
in an agueous solution.

Srong Electrolytes
NaCl, HCl, HNG;,
Week Electrolytes
NH;s, HC,H;0,
Moalecular and lonic Equations.

Modlecular Equations A chemicd equation in which dl species are written
asif they are molecular substances.



Complete lonic Eqution: A chemicd eguaion where
a molecular substances are written as molecules
b. strong dectrolytes are written as separated ions
C. wesk dectrolytes are written as molecular substances

Net lonic Equations  Anionic eguaion in which spectator ions have been
cancdled.

Spectator ions: Anion that does not take part in the reaction.

Types of Chamicd Reactions
1. Predpitation reactions. Two solutionsform asolid
2. Add-basereections. Involve the trandfer of aproton.
3. Oxidation-reduction reections. Involve the trandfer of dectrons.

Predipitation Reections 1n order to know what, if anything, will precipitate, we need to know
which substances are soluble and which are not.

Solubility Rules
1. All ionic compounds of Group |A metds, Ammonium, acetate, and Nitrate are
Dludle
2. All Halide compounds (CI', Br', I") are soluble unless combined with Ag', Pb?*,
Hg*.

3. Mot sulfate compounds are soluble except when combined with C&f*, Sr*, Ba?*,
Ag', Po™, Hg*".

4. Mo carbonates, phosphates, and sulfides are INSOLUBLE, except Rule 1.

5. Most hydroxides are insoluble except Group I1A, Cef*, Sr**, Ba™.

Precipitate: an insoluble compound formed during achemicd reaction in solution.
Precipitation reactions are known as double displacement reactions, Metathesis reections, or
exchangereactions.  Inthistype of reaction the cations and anions switch partners.
Add-Basereactions
Properties
Adds Tagte sour, turn litmus red

Basss Tadge hitter, tumn litmus blue

Litmus isatype of chemica known asan indicator. Indicators are dyes which change color
under addic or bagc environments.



Definitions (Arrhenius):

Add: A subgtance that produces H" when dissolved in water.
Base A subgtance that produces OH when dissolved in water.

Brongted-Lowry

Add: asubstance that acts as a proton donor.
Base: a substance that acts as a proton acceptor.

Srong and week acids and bases
Adds
Strong: dissodiaes completdy when dissolved in water.
Wesk: doesn't
Srong adids
HCIO4,HC|03, H2804, HI, HBr, HCI, HN03
Wesk adids
anything that ign't drong.
Bases
Srong: presant entirely asion, one of whichisOH .
Wesk: only patidly ionized in weter.
Strong bases
LiOH, NaOH, KOH, Ca(OH),, S((OH), Ba(OH)-
Wesk bases.
NH;

Neutrdization reactions. Reection between an acid and a base that resultsin an ionic compound
and possblewater.  Theionic compound produced is known asasalt.

Add-Base reactions with gas formation.



Certain substances, when they react with acids, produce gases. Compounds of carbonates,
aufitesand aulfides dl do this

Carbonates reect with acids to produce carbon dioxide.
2HCl (aq) + N&,COs (ag) ® 2NaCl (ag) + H.O (1) + CO; (9)
Suifites react with acids to produce sulfur dioxide
2HC (ag) + N&S0; (aq) ® 2NaCl (aq) + HO (1) + SOz (9)
Sulfides react with adids to produce hydrogen sulfide
2HCl (ag) + NaS(aq) ® 2NaCl (aq) + H2S(g)
Oxidetion-Reduction reections (REDOX) :

Oxidation-reduction reactions occur when an dectron istrandferred from one speciesto
another.

Oxidation Numbers are ameans of keeping track of where the dectrons are going.
Rulesfor assgning oxidation numbers

1. The oxidation number of an @omin an dement is zero.

2. The oxidation number of an atom in an ionic compound isequd to its charge.

3. Theoxidation number of oxygenis-2. Excgptions In peroxidesitis-1andin
compounds with fluorineitis+1.

4. Theoxidaion number of hydrogenis+1 unlessit is combined with a metd theniitis
-1

5. The oxidation number of fluorinein its compoundsis-1. The oxidation number of
other hdogensis-1 unlessit is combined with oxygen or fluorine

6. The sum of the oxidation numbersin acompound must equd zero. In polyatomic
ionsit mugt equd the charge ontheion.

Terminology of oxidationreduction reections.



Hdf-reaction: one of the two parts of an oxidationreduction reaction. One hdf-reaction
involves aloss of dectrons. The other involvesthe gain of dectrons

Oxidation: lossof dectrons (increase in oxidation number)

Reduction: gain of dectrons (decrease in oxidation number)
Oxidizing agent: the speciesthet is reduced.

Reducing agent: the spediesthat is oxidized.
Types of oxidation-reduction reections
Combination
Decompogtion
Digdlacement
Combudtion
Combination reactions. two or more substances reect to form one substance
A+B® C (2Na +Cl, ® 2NaCl)
Decompostion reactions. One substance reacts to produce two or more substances.
A® B+C (KCO;® K + Oy)
Digplacement reactions An aom takes the place of another aom in a substance.
A+BC® AC+B (Zn+CuSO, ® ZnSO, + Cu)

Combudtion: A substance reacts with oxygen.

CHy +20, ® CO, +2H,0

Bdancdng redox reections

1. Writethe skdletd equation. Thisisan unbaanced equation that shows the spedies
being oxidized and reduced and whether the solution is adidic or basic. Writing the
kdetd eguaion involves identifying any spectator ions presant and removing them.

2. Assgn oxidation number to dl aomsto determine what is being oxidized and what is
being reduced.



3. St the skeetd equation into two hdf-reections. One haf-reaction showswhét is

being oxidized and one hdf-reection that shows what is being reduced.

4. Complete and baance each hdf-reaction.
a Bdancedl aomsexcept O and H.

b. Bdance O by adding water.
c. BadanceH.

i. Inacid by adding H'.

ii. In base
a Count the number of H needed.
b. Add that number of watersto the Sde needing H
c¢. Add the same number of OH' to the opposite Sde.

5. Combine the two hdf-reectionsinto asngle baanced equation.

a Multiply each hdf-reaction by the number of dectronsin the other hdf-reaction.

b. Smplify the balanced equation by cancding spedies that gopear on both Sdes of
the equation and reduce coeffidents to smdlest whole numbers

6. To get complete chemica equiation, add the spectator ions back in. Double check

to make sure thet the eqution is baanced.

Solutions
Solvent isthe substance that does the dissolving. Usudly present in the larger amourt.
Solute isthe subgance thet isdissolved. Usudly present in the smdler amount.

In solutionsinvolving water, water is usudly the solvent, evenif it is presant inthe smdler
amourt.

Concentrated means having alarge amount of solute in the solution.

Dilute means having asmdl amount of solute in the solution.



Both terms are rdative to the substance being discussed. A substance with alarge solubility will
require alarger amount of solute to be concentrated. A substance with asmdl solubility will
require asmdler anount of solute to be concentrated.

Solubility isthe maximum amount of solute thet will dissolvein agiven vaume of solvent.
Commerdadly, asolution is termed concentrated when the solution is at the solubility limit.

We can quantify dl of thisby usng concentration units. The unit used mogt in chemidry iscdled
molarity or themolar concentration. The symba for malarity isM and is defined asthe
number of moles of solutein one liter of solution.

moles of solute

Molarity (M) =— -
y (M) liters of solution

This concentration unit isjust a converson factor that dlows usto convert between the volume
of asolution and the number of noles of solute presant in that solution or viceversa: Giving the
volume of asolution and the concentration of thet solution will dlow you to cdculate the moles
of reactant for use in oichiometry problems

Dilution of solutions

“the solution to pallutionisdilution” Not exactly true. Some pollutants are dangerous
in the environment even in very smdl amounts

When solutions are diluted the number of moles of solute remainsthe same. Only the volume of
the solution changed (by adding weter). Because the moles of solute remain the same we can
dart with:

initid moles of solute = find moles of solute
Thiscan berewritten as

iniid molaity ~ initid volume =find maaity ~ find vaume
Three of these values will aways be given.
Quantitative analyss

Gravimetric. (measuremass) In gravimetric andys's reacting the solute with another

ubstance and weghing the solid product thet is produced determines asolution's

concentration. Thereaction is carried out such that the solute that is baing sought isthe limiting
reactant.



Example

A 50.00 mL sample of water isandyzed for its Lead(l1) ion content. The sample of
water istreated with an excess of Sodium Chloride solution. The solid precipitete hes a
meass of 153.8 mg when dried. What isthe molar concentration of Lead(11) ionsin the
solution”?

Answer:
Wefird nead to have a bdanced chemicd equation.

Pb®* (ag) + 2 NaCl (ag) ® PbCl, (s) + 2 Na' (aq)
We can now do the mah:

153.8mg PbCl, . 1mol PbCl, , 1mol Pb*
50.00mL sd'n  278.10gPbCl, 1mal PbCl,

=0.01106 M Pb**

Vdumetric. (meesure valume) In volumetric analyd's a solutions concantration is
determined by reacting the solution with anather solution and an indication that showswhen the
reaction iscomplete. Knowing the valume of the arigind solution and the volume and
concentration of the reacting solution dlows you to caculate the concentration of the origina
olution. Thisprocessiscdled atitration. Thismethod is used to determine the concentration

of acid and base solutions

BExanple

Wha isthe molar concentration of asolution of nitric acd if 25.00 mL of theacd
required 35.22 mL of 0.1376 M Cddum Hydroxide solution for complete
neutrdization?

Ansver:
2HNG;s (aq) + CaOH), (aq) ® CaNOs): (aq) +2HO (1)

35.22MmL Ca(OH), . 0.1376mol Ca(OH), . _2mol HNO,  _ a1
25.00mL HNO, 1L Ca(OH), 1mol CaOH), ’




