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CHEM 116-Dr. Babb’s Section
Answer Key to Exam | Lecture Problem Sheet

Strong electrolytes: strong acids, strong basdssaluble ionic compounds

Weak electrolytes: weak acids and weak bases

Non-electrolytes: soluble organic compounds thatat classified as weak acids or bases
and other soluble molecular compounds.

AgNQ,, sol Bal, sol PbSQ insol NgCQ,, sol Sr(NQ),, sol
CacCl, sol AgOH, insol Pb(¢H,0,),, sol (NH,);,PO,, sol FeBg, sol
Pb(CIQ), sol HgBr,, insol K;PQ,, sol CaSQ insol MgCQ, insol
AgCl, insol BaSQ, insol CuCl, sol Cas, sol F®,, insol
Fe(OH), insol

A. FeBr, + 3 AQCH,0, —> Fe(GH,0,); + 3 AgBr
Net lonic Eqn: Br+ Ag" —> AgBr(s)
B. (NH,),SO, + BaC} —>BaSQ+ 2 NH,CI
Net lonic Egn: B& + SQ? —> BaSQ(s)
C. HNO, + CsGH,0, —> CsNQ + HCH,0,
Net lonic Eqn: H + CH,O, —> HC,H,0,(aq)
D. HNO, + CsCH,0, —> CsNQ + HCH,0,
Net lonic Eqn: HNQ(aq) + CH,0,, —> NGO, + HCH,0,(aq)
E. 2 HCIOQ, + Ba(OH) —> Ba(ClQ),+2 HO
Net lonic Eqn: H+ OH —> H,0O
F. 2 HCIO + Ba(OH) —> Ba(CIO) + 2 HO
Net lonic Eqn: HCIO + OH—> CIO + H,0O
G. NaCO, + HSO, —>NaSO,+ CO,+H,0
Net lonic Eqn: C@*+ 2 H —> CQ(g) + HO
H. (NH),CO,+ 2 NaOH —>Ng£LO,+ 2 NH, + 2 HO
Net lonic Eqn: NH + OH —> NH,(aq) + HO
l. Fe(NO), + 3NH + 3HO —> Fe(OH)+ 3 NHNO,
Net lonic Eqn: FE€ + 3 NH(aq) + 3 HO —> Fe(OH)s) + 3 NH*
0.25 M C& and 0.50 M ClI
0.0600 mol GH,0O,

17 g AIC},

56 mL

6.48 M Na

0.28 M Ci

A. Seawater; solution of solid salt dissolvedignid water

B. Coca-Cola (soda water); solution of gaseous di€solved in water

C. Air; solution of many gases dispersed in gas&bus

D. 14 karat gold (mixture of Au and Ag); solutionswlid Au dissolved in solid Ag
E. Brass (mixture of Zn and Cu); solution of solid dissolved in solid Cu

F. Milk; colloid of intermediate size, solid fat piates dispersed in liquid water.
G. Paint; suspension of large solid Tigarticles dispersed in liquid water or oil
H. Italian dressing; not a homogeneous mixturelatedlly should be classified as a
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heterogeneous mixture.
Polar substances dissolve more readily in wat®ater is a polar substance and is held
together in the condensed phases primarily by lggirtwonding and dipole-dipole forces of
attraction. Solutes that readily dissolve in watdrhave intermolecular forces of attraction
similar to the water. Polar solutes and solutesitan hydrogen bond will readily dissolve
in water. A short list of substances that readi$golve in water is: NjJIHF, HCI, CH.OH,
CH,0OH, salts/ionic compounds, oxyacids{ The general rule is “Like Dissolves Like”.
This means that polar solvents like to dissolvapsblutes; whereas, nonpolar solvents like
to dissolve nonpolar solutes.
The solutes Ei,,, wax (CH,,), and GH, are relatively non-polar and would be more
soluble in the non-polar solvent hexangH(;) than in the polar solvent water.
The concentration unit of Molarity depends angerature because the volume of a liquid
is dependent somewhat on temperature.
Weight % CaG#3.85%; Weight % KO = 96.15%
Mole fraction CaCf0.00645; Mole fraction §0=0.994 (or 0.99257 if obtain by subtract.)
Molality CaCl=0.360 m
Molarity CaCl=0.347 M
A. Molality C;Hs0,=7.24 m

Molarity C;H,0,=4.78 M

Mole Fraction GH;0,=0.115; Mole Fraction KD=0.885
B. Mole Fraction NaCl=0.083
Molarity Cd*=0.075 M
Molality Ca™=0.075 m
ppm C&*=3.0x10 ppm
Effect of T on solubility of solid solute in ligd solvent is variable dependentAH for the
dissolution process.
For many endothermic dissolution procesAé,{=+): as T increases, Solubility increases.
For many exothermic dissolution procesfds (= -): as T increases, Solubility decreases.
Pressure has no effect on the solubility oflial solute in a liquid solvent because volumes
of liquids and solids are relatively independenpiassure.
As T increases, the solubility of a gaseoustsdlu liquid solvent decreases. At higher
temperature more dissolved gas molecules have aremeygy to escape the IMF’s holding
them dissolved in the liquid solvent resulting idexreased solubility.
As P increases, solubility of a gaseous sotuliguid solvent increases. The gas above the
liquid obeys the ideal gas law and as P increasgsdecreases. One way for the volume
of the gas to decrease is for more of the gasssotlie in the liquid solvent resulting in an
increased solubility of the gas in the liquid. HésLaw: P = kxC where C = solubility of
gas in liquid in units of mol gas/L soln, k=Henry’aw constant in units of L-atm/mol and
P=partial pressure of gas.

The Henry’s Law constant for gaseous acetylene:36=0-atm/mol

Solubility of acetylene in acetone at 12 atm isvid/L

The value of a colligative property does notatepon the identity of the solute. The
colligative properties only depend on the numbesabfite particles dissolved which itself
depends on whether the solute is a strong, weakrmelectrolyte when dissolved.
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Pure water has a higher vapor pressure thalu@osoof sugar.

RaOU“:’S LaW: I:s)oln: xsolvl:)*solv and AP:xsolou:)*soIv

A. P,,,=46.9 torr andAP=0.2 torr

B. P,,=44.9 torr (HINT: CaClis a strong electrolyte)

Roin = X{P*; + X;P%,

51.8 mm Hg; This solution would display negatdeviations to Raoult’s law i.e. this
solution would have a lower vapor pressure tharuRad.aw predicts.

Salt water has a higher boiling point than puager.

AT, = mxKg

Pure water has a higher freezing point tharnveatier.

AT = mxK.

Kg and K: are properties of the solvent and have units eCkgol.

A. 100.30 C

B. 100.60 C

16 m

328 g/mol

A. No, the freezing points will not be equivalenThe solution with the highest

colligative molality will have the lowest freezipgint. The solution with the lowest
colligative molality will have the highest freezipgint.

Molality Colligative Molality ATAC) TLC)
l. 0.50 m sugar 0.50m 0.93 -0.93
Il. 0.50 m NaCl 1.0m 1.9 -1.9
Il. 0.50 m AICI, 2.0m 3.7 -3.7
IV. 0.50 mCaCl 1.5m 2.8 -2.8

The 0.50 m sugar solution has the highest fregaaigt; while, the 0.50 m AIGI
solution has the lowest freezing point.

B. The solution with the highest colligative molghktill have the highest boiling point.
The solution with the lowest colligative molalitylldhave the lowest boiling point.

Molality Colligative Molality
l. 0.40 m NaSQO, 1.2m
Il. 0.50 m KNG, 1.0m
1. 0.60 m GH,,O; (sugar) 0.60 m
IV.  0.35m Al(CH.0,), 1.4m
V. 0.60 m HGH,O, slightly>0.60 m because HB,0, is a weak
electrolyte.

The 0.35 m AI(GH;0,); has the highest boiling point; while, the 0.60 gH{Oq
(sugar) has the lowest boiling point.

0.51 kg-C/mol

The KFe(CN) dissociates into a total of four ions since thégative molality is four times

greater than the actual molality

Dissolution equation: ¥e(CN)(s) —> 3 K(aq) + Fe(CN)*(aq)

-0.955C

1%
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There will be a net flow of solvent from the @wwolvent side to the solution side. The net
flow of solvent from solvent to solution side wslop if the height of the liquid in the tube
on the solution side exerts enough downward presstine downward pressure exerted by
the height of solution in the tube that stops teeflow of solvent across the membrane is
referred to as the osmotic pressure.

T=MRT and/orntV=nRT

0.00602 atm

2.3x10 g/mol

Expected van't Hoff Factor = 4 (assuming conglenization of the Feg)l

Observed van't Hoff Factor=3.4 (as obtained fromelquationt=iMRT)

If a pressure greater than the osmotic pressaggplied to the solution side, this will result
in a net flow of solvent from the solution sidetk® pure solvent side. This process of
reverse osmosis is one method of obtaining sattdrenking water from seawater.

Not all reactions proceed at the same raterelib@o way the predict the reaction rate from
the balanced equation. The only way to obtainrgite of a chemical reaction is from
experiment.

Reaction rate has units of mol/L-sec or mol/lnmic. To experimentally obtain reaction
rate, measure variation in concentration of a sedair product with time.

Time Intervals: 0-500 sec 500-1000 sec 1000-1500 sec
-A[N,O.]/ At 0.00296 M/sec 0.00208 M/sec 0.0015 M/sec
A[NO,)/At 0.00592 M/sec 0.00416 M/sec 0.0029 M/sec
A[O,)/ At 0.00148 M/sec 0.00104 M/sec 0.00073 M/sec

Reaction rate is not constant and depends on anodueactant such that (in general) as
[Reactant] decreases, Rate of Rxn decreases.

-A[N,O )/ At gives the average rate of disappearance,0f Nver a long time interval.
-d[N,O.]/dt gives the instantaneous rate of disappearahbkO, at a specific time.

Rate of disappearance ofF=®.30 M/sec

Rate of appearance of NO= 0.24 M/sec

Rate of appearance of®= 0.36 M/sec

General Rate Law: Rate = k[AB]". The specific rate constant k depends only on
temperature. The order of the reaction with resjge& is mth order; while, the order of the
reaction with respect to B is nth order. The ol@eaction order is m + n. The reaction
orders can only be obtained from experiment andaiane obtained from the coefficients
in the net equation.

Reaction is second order in [)J(xeroth order in [CO] and second order overdl[NO,]

is doubled, the reaction rate will quadruple. hé {CO] is halved, the reaction rate will
remain unchanged. Units on k are'déc’.

Reaction is second order in [NO], first orde{@] and third order overall. If [NO] is
tripled, the reaction rate will increase nine folfithe [Q)] is halved, the reaction rate will
decrease by half. Units on k are’séc'.

Reaction is first order in [S{D-1/2 order in [SE and %2 order overall. If [S{is doubled,
the reaction rate will double. If [Ss doubled, the reaction rate will decrease tjy*(&t
0.707 of its original value. Units on k aré’isec.

A Rate = K[NOCH

B. k=4.0x10* M*sec'
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C. Reaction rate will increase 16-fold.
A Rate = k[BrQ][Br][H*]?

B. k=12 sec¢M?

C. 0.097 M/sec

A.

[A] after 1 minute is 0.50 M; Half-lifetj=1.0x1Gsec; it will take 2.0x1Bec for
75% of A to react; after three half-lives 0.094 MAoremains; the initial rate of the
reaction is 0.0051 M/sec.

Reaction is second order in [HI] and Rate LaRate = k[HIf; k = 0.479 M'min?; 1=0.696
min; it will take 2.8 min for 20% of the originafreount of HI to remain.

Net Rxn: 2 N@Q+ O, —> N,O, + O,; Both steps are bimolecular; Rate = k[§O,]; The
NQ; is an intermediate.

Net Rxn: 2 Q@ —> 3 Q; First elementary step is unimolecular while secisrbimolecular;
Rate = k[Q][O]; The O is an intermediate.

Net Rxn: 2 @ —> 3 Q; First elementary step is unimolecular while secand third are
bimolecular; the O and Nre intermediates; the NO is a catalyst.

Activation Energy (P=1.66x10 J/mol; Pre-exponential factor (A) = 7.6*1M"sec’;
Specific rate constant (k) at 427 C = 0.031skc!

Activation Energy (B=1.05x10 J/mol; Pre-exponential factor (A) = 8.49*3Bl'sec’;
Specific rate constant (k) at 427 C = 0.17'sec
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CHEM 116-Dr. Babb’s Sections

Answer Key to Exam Il Lecture Problem Sheet
Numerical value of K depends only on T but deeisdepend on initial concentrations of
reactants or products.
Since K for this reaction is less than 1 ang=K/k,, then k> k; Since
K. =[Products]/[Reactants] and for this reactiogn¥l, then [Reactants]>[Products].
Since K for this reaction is greater than 1 ang=K/k,, then k> k, Since
K. =[Products]/[Reactants] and for this reactign>., then [Products]>[Reactants].
When K. > 1@, then [Products] >> [Reactants] and reaction prdseessentially 100% to
completion.
When K. < 10° then [Reactants] >> [Products] and reaction pedsehardly at all to
completion.
When 10 < K. < 1C, then [Products] ~ [Reactants] and appreciable amhsou
(experimentally measurable quantities) of both taeats and products are present.

A. K =[NOI'H,0][NH,[O,]°
B.  K,=[HJ]¥H. 0l

C.  K.=[COJ[CLI/[COCL]

D.  K,=[PCL/[PCL][CI,]

E.  K,=[NH/JOHT/INH,]

F.  K.=[H0]

G.  K=[CO]

Concentrations for pure solids, pure liquids dnel solvent are not included in the
equilibrium constant expression because these ntnatens depend only on density and
don’t vary (i.e. are constant). These constantentrations are already included into the
numerical value of K.

A. 2.4x10

B.  6.9x16°

C. 2.0x10

D. 4.9x10°

A. Ko = (Ps0d/(Psod (Po?)

B. Ko = (Bwia) 7 (P) *(Pro)

g- Ko = (Avo) (Przo)/ (Prra) (Po2)®

K=K (RT)*" or K=K (RT)*"

4.03x1d

0.58; Whenevehn .= 0, then K=K,

Reaction quotient (Qhas same form askexcept non-equilibrium or initial concentrations
are used to calculate.Q

Q=6.25 and Q> K_.. Thus this reaction is not at equilibrium andlwroceed from right
to left in order to reach equilibrium.

If Q.> K, reaction proceeds from right to left in order¢ach eq.

If Q. < K., reaction proceeds from left to right in ordere¢ach eq.

If Q. = K, reaction is at equilibrium and will not reactamet way in either direction.
Q=0.202 and Q< K.. Thus this reaction is not at equilibrium andl\pioceed from left
to right in order to reach equilibrium and moreegass CO will be formed.
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A. Q.=6.62x10' and Q> K.. Thus this reaction is not at equilibrium and wibceed
from right to left in order to reach equilibrium.

B. Q.=3.07x10 and Q = K_. Thus this reaction is at equilibrium and will mefict in
a net way in either direction.

C. Q=1.62x1C and Q < K_. Thus this reaction is not at equilibrium and wibceed
from left to right in order to reach equilibrium.

A. 2ICl(g) <—> Xg) + CL(g) K=0.1
Initial: 0 0.22M 0.22M
Change: +0.26M -0.13M -0.13M
At Eq: 0.26M 0.09 M 0.09M
B. H,(g) + k@) <—> 2HI(g) K~=137
Initial: 0 0 5.000M
Change: +0.365M +0.365 M -0.730M
At Eq: 0.365M 0.365M 4.270M
C. 3A + 2B <> C + 2D K.=9.6x10"
Initial: 6.00M 2.00M 1.00M O
Change: -0.75M -0.50M _+0.25M 0.50M
At Eq: 525M 150M 1.25M 0.50M
[CL] = [PCL] = 0.22 M; [PC}]=0.03 M
1.12x16G M
Ro=2.1 atm; R,o,~18 atm
A. reaction proceeds from left to right in ortieregain eq.
B. reaction proceeds from right to left in orderdégain eq.
C. reaction proceeds from left to right in orderegain eq.

Addition of more solid BaS@r BaO will have no effect on the eq. because eotnations

of pure solids are not included in the eq. constaptession.

If total pressure is altered, the numericaleabf K is not changed. The only factor
influencing the value of K is temperature. Howewechange in the total pressure does
change the partial pressures of gaseous specigeantemove the reaction from eq.

as P increases V decreases and reaction atéed toward side of equation that occupies
less volume. This means that reaction will proceeehrd side of equation that has less
moles of gas. In this instance, reaction will ged toward the reactants in order to regain
eq.

as P decreases due to V increase reactiopradéed toward side of equation that occupies
more volume (i.e. toward side of equation with mor@es of gas). However, in this case
both sides of equation have same # moles of gathasaccupy same volume. As aresult,
the eq. of this reaction is unaffected by changd3 due to V change.

as T increasesKlecreases or as T decreasesin€reases for an exothermic reaction.

as T increasesHKncreases or as T decreasesdicreases for an endothermic reaction.
as T increases, Heat increases so heat orrdtdagp side is increased and reaction will
proceed from right to left in order to regain eq.

as T increases, Heat increases so heat oameaitte is increased and reaction will proceed
from left to right in order to regain eq.
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Lewis Acid (e- pair acceptor) Lewis Base (e- pair donor)

A.  BCl, NH,

B. H* H,O

C. H* OH

D. Ag NH,

B-L Acid (H donor) B-L Base (H acceptoywhere B-L=Bronsted-Lowry
A. H.,O HCO;

B. HCO, H,0

C. HPQ? H,PO,

D. HCO; NaOH (or OH)

H" does not exist alone in solution and is actualgoaiated and surrounded by many water
molecules. From now on, hill be represented as,&".

Conjugate acid/base pairs have chemical fosnthlat differ by an H To obtain the
conjugate acid of a base, add ahtel the chemical formula of the base. To obtam th
conjugate base of an acid, subtract arirbim the chemical formula of the acid.

Acid (reactant side): H8,0, Conjugate Base (product side): ,HJO,

Base (reactant side): ,8 Conjugate Acid (product side): ,6F

NH;: Conjugate acid = N; Conjugate base = NH

HSO,: Conjugate acid = 80, Conjugate base = S®

CO,% Conjugate acid = HCO Conjugate base = none (no6 téd remove)
H.O: Conjugate acid = }©" Conjugate base = OH

Strong acids have weak conjugate bases @.eotijugate base has no tendency to react with

water to reform the original strong acid).

Weak acids have strong conjugate bases (i.e. thegate base has a strong tendency to

react with water to reform the original weak acid).

Strong bases have weak conjugate acids (i.e. thjagate acid has no tendency to react with

water to reform the original strong base).

Weak bases have strong conjugate acids (i.e. tjegate acid has a strong tendency to react

with water to reform the original weak base).

The stronger base gets the ahd the equilibrium lies on the side opposite thfathe

strongest base.

A. Eq. lies on the product side (i.e. [ProductsRefctants]) because of the basg® H
and Cl, the HO is the stronger base and thus, the eq. lieseogposite side.

B. Eq. lies on the reactant side (i.e. [Reactan{§lreducts]) because of the basg®H
and CH,0,, the GH,0, is the stronger base and thus the eq. lies ongpesite
side.

Eq for dissociation of water: 2®(l) <—> H,0"(aq) + OH(aq); lon-Product constantzK

=[H,0"][OH7] and K, has a value of 1.0x%#0at 25 C. The numerical value of iKlepends

only on temperature. In pure water (M) = [OH] = 1.0x10" M.

Acidic solution occurs when [B"] > 1.0x10" M or when [OH] < 1.0x10" M or when

[H,O"]>[OHT

Basic solution occurs when j&" < 1.0x10° M or when [OH > 1.0x10" M or when

[H,0'] < [OH].

Neutral solution occurs when [&'] = [OH] = 1.0x10" M

All of the above definitions are for 25 C.
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When [HO'] = 5.x10% M, then [OH] = 2.x10"* M. When [OH] = 5.x10° M, then [HO"]
= 2.x10"° M.
pH = -log [HO']; pOH = -log [OH]; pK,, = -logK,, = -log(1.0x10*) = 14;
pH + pOH =14
pH > 7 indicates a basic solution; pH < 7 iathe an acidic solution; pH = 7 indicates a
neutral solution.
A. pH = 5.17 is an acidic solution;

pOH = 8.9 has a solution pH = 14 - 8.9 = 5.1 armhiscidic solution.

pH = 7 is a neutral solution.
B. I pH = 6.5 is an acidic solution.

il. pOH = 5.5 has a solution pH of 8.5 and is a tasiution.

iii. [H ,O"] = 1x10°is a basic solution since [&*] < 1.0x10" M and pH = 9.0.

V. [OH] = 1x10%is an acidic solution since [Ofi< 1.0x10" M and pH =5.0.
K, = Acid Dissociation Constant; the higher the valtig,, the stronger the acid; the lower
the value of K, the weaker the acid.
HCI + HO <—> HO" +CI this eq. specified by Kfor HCI
HC,H,O,(aq) + HO <—> GCH,0,(aq) + HO'(aq) this eq. specified by,Kor HC,H,0,
K; = Base Dissociation Constant; the higher the vallg, the stronger the base; the lower
the value of K, the weaker the base.

NH;(aq) + HO <—> NH'(aq) + OHaq) this eq. specified bygdor NH,
[H,0"] = 0.25 M; [OH] = 4.0x10* M; pH = 0.60; pOH = 13.40
[H,0"] = 1.0x10** M; [OH] = 0.010 M; pH = 12.00; pOH = 2.00
pH =7.00
pH =7.00
[H,0"] = 0.0030 M; [OH] = 3.4x10" M, pH = 2.53; pOH = 11.47;
% lonization HF = 12%
K, = 1.8x10% % Dissociation of HCOOH = 2.4%
[H,0] = 2.7x10" M; [OH] = 0.0037 M; pH = 11.57; pOH = 2.43;
% lonization NH = 0.49%
A.  HSO(aq) + HO <—> HSQ(aq) +HO'(aq) Ky

HSOy(aq) + HO <—> SQ*aq) + HO'(aq) Kaz
B. HPQ(aq) + HO <—> HPQ,(aq) +HO(aq) Ky

H,PO, (aq) + HO <—> HPQ*aq) +HO"(aq) K,

HPO,*(aq) + HO <-> PQ%aq) + HO'(aq) K
No, the pH of the resulting solution can béia¢cbasic or neutral depending on the chemical
identity of the salt.
The anion for the salt always comes from tiek adhile, the cation for the salt always comes
from the base.
NaCl is a neutral salt. NaCl is a strong etdgte and dissolves and dissociates 100% as
shown here: NaCl(s) —> Naq) + Cl(aq). The Nais a weak conjugate acid of the strong
base NaOH. Therefore, Naas no tendency to react with water (hydrolyzekform the
original strong base. The @ the weak conjugate base of the strong acid HGerefore,
Cl" has no tendency to react with water (hydrolyzegform the original strong acid. The
pH of an agueous solution of this type of salt {aomnng cation from strong base and anion
from strong acid) will be the pH of pure water whis 7.
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NH,Cl is an acidic salt. N}CIis a strong electrolyte and dissolves and disses 100% as
shown here: NECI(s) —> NH*(aq) + Ci(ag). The Clis the weak conjugate base of the
strong acid HCI. Therefore, Glas no tendency to react with water to reformatiginal
strong acid. The NHiis the strong conjugate acid of the weak basg NHerefore, Nk
has a tendency to react with water (hydrolyzeeform the original weak base as shown
here: NH*(aq) + HO(I) <—> NH,(aq) + HO"(aq). During this reaction some,®f is
produced resulting in a solution with an acidic (g < 7).

KNG, is a basic salt. KNQOs a strong electrolyte and dissolves and disse€if00% as
shown here: KN@s) —> K(aq) + NQ(aq). The Kis a weak conjugate acid of the strong
base KOH. Therefore,kKhas no tendency to react with water (hydrolyzejeform the
original strong base. The NQs the strong conjugate base of the weak acid HNO
Therefore, NQ has a tendency to react with water (hydrolyze®form the original weak
acid as shown here: N@q) + HO(I) <—> HNO,(aq) + OH(aq). During this reaction some
OH is produced resulting in a solution with a bastc(pH > 7).

AICl; is an acidic salt. AlGlis a strong electrolyte and dissolves and dissexit00% as
shown here: AIG(s) —> Al*(aq) + 3 Claq). The Clis the weak conjugate base of the
strong acid HCI. Therefore, Glas no tendency to react with water to reformattginal
strong acid. The At being a small, highly charged metal cation existsolution as
Al(H,0O);"*(aq). The association of the®Is with the Al*® tends to weaken the O-H bond
in the HO’s making the waters surrounding the aluminum namielic. Therefore, the
Al(H,0)" species has a tendency to react with water (hyziedhs an acid as shown here:
Al(H,0);"*(aq) + HO(l) <—> Al(H,0);0H"¥aq) + HO*(aq). During this reaction somg®t

is produced resulting in a solutions with an acht(pH < 7).

A. basic D. basic G. acidic
B. acidic E. basic H. acidic
C. neutral F. acidic

KaxKg = Ky

NaF is a basic salt due to hydrolysis offH = 8.55.
NH,CIO, is an acidic salt due to hydrolysis of NHpH = 4.69.
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In general, any factor that weakens the bomgdoogen, makes the substance more acidic.
For binary acids within the same group such as HEJ,HI, and HBr, the atom bonded to
hydrogen (F, Cl, Br, 1) becomes larger as procemudndthe periodic table and this tends to
weaken the bond to H. Thus, binary acids becomee racidic as proceed from top to
bottom with a column. Most acidic: HI > HBr > HEHF :Least acidic; Most acidic:,fe

> H,S > HO :Least acidic.

For binary acids within the same row such ag 8H,, H,O, and HF, the atom the hydrogen
is bonded to (C, N, O and F) becomes more eleagaine as proceed across the row and
this tends to weaken the bond to H. Thus thesayparcids become more acidic as proceed
from left to right within a row. Most acidic: HFB,0 > NH, > CH, :Least acidic.

In oxyacids, the H is always bonded to ondéeftixygens. Any factor that weakens the O-H
bond, makes the substance more acidic. Withinxgaad series such as HCIO, HGJO
HCIO, and HCIQ, as the number of oxygens bonded to the centoah ancreases, the
oxidation number of the central atom increasesingus weakening of the O-H bond
strength and an increase in the acidity. MostiechlCIO, > HCIO, > HCIO, > HCIO.

For a series of oxyacids with the same number ggems but with different central atoms
such as HOBr, HOCI, HOI, as the electronegativitthe central atom increases, the O-H
bond strength weakens and the acidity increasesst &tidic: HOCI > HOBr > HOI :Least
acidic.

Compare strengths of acids on reactant andupt@itdes. The stronger acid has a greater
tendency to give up its proton; therefore, the ldgjuum will lie on the opposite side from
the strongest acid.

A. HBr is a stronger acid than HF. Eq lies on sigpasite the HBr (i.e. on reactant

side); thus, [Reactants] > [Products] and K < 1.

B. H,O is a stronger acid than NHEQ lies on side opposite the®i(i.e. on product

side); thus, [Products] > [Reactants] and K > 1.

C. HCIQ, is a stronger acid than HCIO. Eq lies on sideosfip the HCIQ (i.e. on
reactant side); thus, [Reactants] > [Products]kardl.

D. H,O" is a stronger acid than,@. Eg. lies on side opposite thg(H (i.e. on the
reactant side); thus, [Reactants] > [Products]kardl.

E. HBrG, is a stronger acid than HJOEQq. lies on side opposite the HBr®e. on the

product side); thus, [Products] > [Reactants] arel K
As solid NaGH,0, is added to 0.500 M HE;,0,, the [H,O’] decreases and the pH increases.
Why? Look at effect of addition of Ng&,0,, a strong electrolyte, on the acetic acid eq.

HC,H,0,(aq) + HO(l) <—> GH;0, (aq) + HO'(aq)

NaGH,0,(s) —> Nd(aq) + GH;O, (aq)

As NaCH,0, is added to an eq. mixture of 0.500 M JHJO,, the common ion
C,H,O, is added which shifts the acetic acid eq. to #fedecreasing the [@'] and
increasing the pH.

Addition of NaCl to an eq. mixture of 0.500 M B0, has no effect on the pH or
acetic acid eq. because NaCl has no ion in comnittntlae acetic acid eq.



155. As solid NHCI is added to 0.500 M NHthe [OH] decreases, the [@'] increases and the
pH decreases. Why? Look at effect of additiorNef,Cl, a strong electrolyte, on the
ammonia eq.

NH;(aq) + HO(l) <—> NH,’(aq) + OH (aq)

NH,CI(s) —> NH'(aq) + Cl (aq)

As NH,Cl is added to an eq. mixture of 0.500 M Nthe common ion NH is added
which shifts the ammonia eq. to the left decreatineg OH] and decreasing the pH.

Addition of KNO, to an eq. mixture of 0.500 M NHhas no effect on the pH or
ammonia eq. because Ki@®as no ion in common with the ammonia eq.

156. For a 0.500 M H1,0,/0.250 M NaGH,O,: pH = 4.44 and % lonization = 0.0072%.
Fora 0.500 M HEH,O,: pH = 2.52 and % lonization = 0.60%.

157. Buffer solution: A solution consisting of a westid and the conjugate base (or salt)
of the weak acid. OR A solution consisting of ealwbéase and the
conjugate acid (or salt) of the weak base.

Function of Buffer:  Acts to maintain the pH of thiwgion at a relatively constant value
even with the addition of strong base or strong.aci
If the following substances are mixed in equimdaanounts, will a buffer solution be

formed?

A. HF and NaF; Yes D. Nkand NHCI; Yes

B. HC,H,0, and NaCGH,O,; Yes E. HCl and KCI; No

C. HCN and NaCN; Yes F. NaOH and NaCl; No

G. HF and NaOH; No
H. NH, and HCI; No
If equal volumes of the following solutions are ik will a buffer solution result?
A. 0.2 M HF and 0.1 M NaOH; Yes
0.2 M HF and 0.3 M NaOH; No
0.2 M HF and 0.2 M NaOH; No
0.2 M NaF and 0.1 M HCI; Yes
0.5 M NH, and 1.0 M HCI; No
0.2 M HCN and 0.2 M KOH; No
0.3 M HOCI and 0.15 M Ba(OK)No
: 0.3 M HOCI and 0.1 M Ba(OH)Yes
159. pH=4.43
160. pH=4.56
161. Henderson-Hasselbach equation: pH x pHog[base]/[acid]
162. When [Base] = [Acid] then ratio [base]/[acid]l=and log(1) = 0 so pH = pK Thus, the
pK, is the midpoint of the buffer range.
163. pH=3.13
164. If a buffer with a pH = 4.0 is needed in anexxpent, then a buffer system with apialue

IOMMOO®

around 4.0 is needed. _RK
A.  HNO,/NaNQ, K,=4.5x10* 3.35
B. HC,H,0,/NaCH.0, K,=1.8x10° 4.74
C. HCOOH/NaCOOH K=1.8x10" 3.74
D. CH;COOH/NaGH.COO  K,=6.5x10 4.19
g HCN/NaCN K,=4.9x10"° 9.31



F. NH,/NH,CI Kg=1.8x10° 9.26
The best buffer system is that given in D becatsspK, value is closest to 4.0. To obtain
a pH=4.0 using this buffer system, a concentratiio of base:acid of 0.65 should be used.
Therefore, if the [(H.COOH] is 1.0 M; the [NagH.COOQO] should be 0.65 M.

165. [NH])/[NH,7=1.7

167. pH of original buffer solution = 5.04
pH after addition of 0.0040 mol HCI| = 4.80
pH after addition of 0.0060 mol NaOH = 5.6

168. After addition of 0 mL of 0.25 M KOH: pH = 0.30
After addition of 25 mL of 0.25 M KOH: pH=0.9 (prito eq. pt.; excess strong acid present)
After addition of 50 mL of 0.25 M KOH: pH = 7 (atjept; only neutral salt present)
After addition of 60 mL of 0.25 M KOH: pH = 12.5f{ar eq. pt; excess strong base present)
Volume of base needed to reach eq. pt = 50. mL

169. After addition of 0 mL of 0.20 M KOH: pH = 2.23
After addition of 2.5 mL of 0.20 M KOH: pH =3.46 (iay to eq. pt; buffer present)
After addition of 5.0 mL of 0.20 M KOH: pH = 8.14t(eq. pt; only basic salt present)
After addition of 6.0 mL of 0.20 M KOH: pH =12.1f{ar eq. pt; excess strong base present)
Volume of base needed to reach eq. pt. = 5.0 mL
pH Y2 way to eq. pt is equal to pK

170. After addition of 0 mL of 0.20 M HCI: pH = 1B1
After addition of 5.0 mL of 0.20 M HCI: pH = 9.28>(way to eq. pt; buffer present)
After addition of 10.0 mL of 0.20 M HCI: pH = 5.4at eq. pt; only acidic salt present)
After addition of 15.0 mL of 0.20 M HCI: pH = 1.%4fter eq. pt; excess strong acid present)
Volume of acid needed to reach eq. pt. = 10. mL
pH Y2 way to eq. pt is equal to pkor NH,

172. For phenolphthalein: color in acidic solutisrcolorless; color in basic solution is pink.

173. Phenolphthalein will change color around itg pkalue which is 9.10. Phenolphthalein
could be used in titration of strong acid with sggdase since pH around eq. pt. changes
from 4-10 with addition of 1 drop of base. Pheihalfnalein could also be used in titration
of weak acid with strong base since at eq. pt ackset with a basic pH is present.
However, phenolphthalein could NOT be using iratiobn of a weak base with a strong acid
since at eq. pt. an acidic salt with an acidic plgresent.

174. To answer find pkK,, for each indicator which gives pH around whichicatlor changes
color. Phenolphthalein, pk= 9.10; methyl orange, pk& 3.80; bromothymol blue, pk=
6.80. Now decide the relative pH for each of tlrations in A-C.

Titration Eq. Pt. Salt pH at Eq. Pt. Indicator
A. HNO, with NH, NH,NO, pH<7 methyl orange
B. HNO, with KOH KNGO, pH=7 bromothymol orange
C. HCIO, with NaOH  NaClQ pH > 7 phenolphthalein

NOTE: On the lecture problem sheet 174 C. showe liad HCIQ as the acid not HCIO
177. K,=1. 19x10

178.  K,=2.11x10°

179. Solubility: 7.3x10 M; 1.4x10" g/L

180. Solubility: 4.5x10 M; 1.6x10? g/L



181.
182.

183.

184.

186.
187.
188.
189.

190.
191.
192.

193.

194.

195.
196.

[AgT] = 2.9x10* M; [SO, 7] = 1.4x10* M

Solubility in pure water: 3.6x£M

Solubility in 0.30 M KF: 2.0x16 M

Both KSO, and BaCJ will decrease the solubility of BaS@h water due to addition of
common ion. Solubilityin 0.10 M JSO,: 1.1x10° M; Solubility in 0.25 M BaCJ: 4.4x10"

M; Solubility in pure water: 1.0x10M

Any salt that contains the conjugate basendak acid will have its solubility increased by
addition of a strong acid (i.e. the salt will bergoluble at lower or acidic solution pH).
Salts more soluble in acidic solution than in pueger are CafMnS, and ZnCQ

Any salt that is a metal hydroxide will have solubility increased by addition of a strong
acid (i.e. the salt will be more soluble at loweroidic solution pH).

A. pH=10.35

B. Solubility in pure water: 1.12x10M; Solubility in soln buffered at pH 8.00: 5.6 M.
Precipitate of MgCQwill form because IP > K

If IP = K,; no precipitate will form and the solution is saied.

If IP > K, a precipitate will form and the solution is sugsurated.

If IP < K, a precipitate will not form and the solution issaturated.

Precipitate of AGO, will not form because IP <K

[C]=1.2x10'M

To precipitate as much k§and Ag as possible without precipitating Pimeed [C] =
0.089 M. At this [CI, the [Hg,"] left in solution is 1.8x1¢ M. Therefore, most of the
Hg,"? has been precipitated.

A solution with a pH=0.52 will precipitate Pland Hg>.

A pH of slightly higher than 7.2 is needed to ppéeite all of the Group Il ions.

Yes, these two ions can be separated by adjuke solution pH. To precipitate as much
of the Ct? as possible without precipitating the*\the solution pH should be adjusted to
6.8.

HgBr, (ppts. first): AgBr: CuBr: PbBr(ppts. last)

Si? will precipitate first.
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CHEM 116-Dr. Babb’s Sections
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First complex: Co(NPCl, + 3 AgNO, —> Co(NH)" + 3 AgCI(s); the three Cére outside
the coordination sphere since they act as any athen a precipitation reaction. The best
way to designate the chemical formula of the fimhplex is as [Co(NE ] Cl..

Second complex: Co(NHiCl, + 2 AgNO, —> Co(NH)CI*? + 2 AgCI(s); two of the three
CI" are outside the coordination sphere since thepseiny other ions in a precipitation
reaction. The best way to designate the chemarahdla of the second complex is as
[Co(NH,):CI]|CL,.

Third complex: Co(NH),Cl; + AgNO, —> Co(NH),CL,* + AgCI(s); one of the three G$
outside the coordination sphere since it acts g®tner ion in a precipitation reaction. The
best way to designate the chemical formula of tirel tomplex is as [Co(Ni,CL]CI.
Complex IV would yield two moles of water/métomplex when heated. Onlyin complex
IV are two moles/molecules of water outside therdomtion sphere and therefore weakly
bound and easily lost during heating.

The best way to designate the first complgRtiNH,),,Br,]Cl,. This complex will yield two
moles of AgCl/mol complex.

The best way to designate the second complex(NR},Cl,]Br,. This complex will yield
two moles of AgBr/mol complex.

lonization isomers are NOT possible for Na[Ag(GNbecause the ion outside the
coordination sphere (the Nacan't act as a ligand and therefore, can't traldees with a
ligand inside the coordination sphere.

For [Co(NH):NO,]*4, linkage isomers are possible since the monodetit@nd NG has
two different donor ligand atoms, N and O. Thatig NQ™~ can either attach to the Co
through the N or through the O. The different celof yellow and red for this complex are
due to the NQ attaching by N in one case and O in the other.

For [Co(NH),Cl,]*, cis/trans geometric isomers are possible ancishisomer is polar while
the trans isomer is nonpolar. For [Co()€,], fac/mer geometric isomers are possible and
both isomers are polar. For [Co(NECI] ™%, geometric isomers are not possible.

For Pt(NH),Cl, (square planar), cis/trans geometric isomers assiple.

Geometric isomers are NOT possible when CN=2 @N=4 (tetrahedral). Geometric
isomers are only possible for CN=6 and CN=4 (sqp&aear).

For [Co(en)NH,),] *®cis/trans geometric isomers are possible. Ogtoanters are possible
for the cis form but not for the trans form.

For MXABC, fac/mer geometric isomers are possible. @pitsomers are possible for the
fac form but not for the mer form.

Optical isomers are only possible for tetrakedomplexes where all four species bonded
to the central atom are different. Therefore, agitisomers are only possible for
[MnCIBrIF] 2

Bonding between ligand and metal cation is ic@nsd to be electrostatic, either ionic (if
ligand is an anion) or ion-dipole (if ligand is el molecule).

Incoming ligands destabilize the metal catianrlltals causing the d-orbitals to increase in
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energy. Thegdand d,,, (g) levels are destabilized more than thed], and g, (t,,) levels.
The d,and g, , orbitals are destabilized the most since the inogrigands are coming in
pointing directly toward the lobes of these twoitals.

Crystal field splitting in octahedral field§) - difference in energy betweepend t, levels.
Weak field ligand - ligand that causes splittingween §, and ¢ levels to be small.
Strong field ligand - ligand that causes splitteween 4, and ¢ levels to be large.
High spin complex - results when metal d-electrsingly occupy both,f and ¢ levels
before pairing; occurs when weak field ligands@esent.

Low spin complex - results when metal d-electranglg occupy §, and then pair up int
before singly occupying,devels; occurs when strong field ligands are prese
CN>NQO, >en>NH>OH>H,O>F>CI>Br>1

Strong field ligands Weak field ligands

result in low spin result in high spin

Complex Metal cation Ligand Type # unpaired e-
A [Cr(HO)] ™ op3 (f weak field three
B. [CoR]? Co+3(( e)) weak field four
C. [Co(CN)]® Ca" () strong field zero
D.  [Ti(H,0)J® Ti"(d) weak field one
E. [V(H,0)* Q weak field two
F. [MNClg]3 (@ weak field four
G. [FeR]? Fe+3 () weak field five
H. [FE(CN)® a3 strong field one
l. [Ni(NH )" Ni*? gd‘% strong field two
J. [CrCN)® s () strong field three
K. [IMN(CN)g]®  \py*e () strong field two
L. [Ni(H,0)]™?  Nj+2 () weak field two

Colored compounds result when metal d-orbaedspartially filled with electrons.
Colorless compounds result when metal d-orbitasarpty or totally filled with electrons.

NaBr colorless CuNQcolorless Bi(NQ), colorless
AsCl, colorless  CUu(NGQ,), colored Fe(CH,0,),colored
HgCl, colorless KNQ colorless Pb(CIQ), colorless
Zn(NG;),colorless  [Ni(HO)(CI,colored

SbC, colorless Mn(NO;); colored

Formation of a metal complex usually increabessolubility of a salt because For
formation of most metal complexes is >>1.

Ag*(aq) +2 NH(aq) <> [Ag(NH).I"(aq) k =1 7x14

Cu™(aq) + 4 NH(aq) <—> [CU(NH)]"™(ad)k =1 1x1¢?
Ag'(aq) + 2 CNaq) <—> [Ag(CN)](aq) —1x1@1
Al **(aq) + 4 OHaq) <—> [Al(OH)](aq) K,=2.1x16*
Cr(aq) + 4 OHaq) <-> [Cr(OH)(aq) K =gx1(°
Zn"(aq) + 4 OHaq) <> [Zn(OH)*(ad) K =p gx14°
AgCl is more soluble in a solution of aque(msrm)nla than in pure water due to formation
of the very stable metal complex ion, [Ag(N".
AgCI(s) <—> Ag(aq) + Ci(aq) Ksp=1.8x16°
Ag’(aq) + 2 NH(aq) <=> [Ag(NH)]"(aq) g -1 7x14
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Net Eq: AgCl(s) + 2 NK(aq) <—> [Ag(NH),]*(aqg) + Cl(aq) K=K xK=3.1x10’
Limited NH: Cd'¥aq) + 2 NH(aq) + 2 HO <—> Cd(OH)(s) + 2 NH*(aq)
Excess Nl Cd(OH)(s) + 4 NH(aqg) <—> [Cd(NH),]* aq) + 2 OHaq)

Limited NH,: Zn"*(aq) + 2 NH(aq) + 2 HO <—> Zn(OH)(s) + 2 NH*(aq)
Excess Nl Zn(OH),(s) + 4 NH(aq) <—> [Zn(NH),]*¥(aq) + 2 OHaq)

Limited NH,: Cu¥aq) + 2 NH(aq) + 2 HO <—> Cu(OH)(s) + 2 NH'(aq)
Excess Nl Cu(OH)(s) + 4 NH(aqg) <—> [Cu(NH),]* aq) + 2 OHaq)

Limited NH,: Ag*(aq) + NH(aq) + HO <—> AgOH(s) + NH'(aq)
Excess N AgOH(s) + 2 NH(aq) <—> [Ag(NH),]"(aq) + OH(aq)

Limited NH,: Ni**(aq) + 2 NH(aq) + 2 HO <—> Ni(OH),(s) + 2 NH*(aq)
Excess Nl Ni(OH),(s) + 6 NH(aq) <—> [Ni(NH,)¢]**(aq) + 2 OHaq)
Limited NaOH: A¥(aqg) + 3 OHagq) <—> Al(OH)(s)

Excess NaOH: AI(OHJs) + OH (aq) <—> [AI(OH)] (aq)

Limited NaOH: Zri¥aq) + 2 OHagq) <—> Zn(OHs)
Excess NaOH: Zn(OH(s) + 2 OH(aq) <—> [Zn(OH)]**(aq)

Limited NaOH: P (aq) + 2 OHaq) <—> Pb(OHJs)
Excess NaOH: Pb(OK{¥) + 2 OH (aq) <—> [Pb(OH)*(aq)

Limited NaOH: Ct3(aq) + 3 OHaq) <—> Cr(OH)s)
Excess NaOH: Cr(OH([s) + OH(aq) <—> [Cr(OH)] (aq)

Limited NaOH: Si¥(aq) + 2 OHaq) <—> Sn(OHJs)

Excess NaOH: Sn(OK(¥) + OH(aq) <—> [Sn(OH}J (aq)

Solubility of AgBr in 0.75 M NK= 2.3x1G° M.

Solubility of AgBr in pure water = 7.3xTM. Note that AgBr in 3200 times more soluble
in 0.75 M NH, than in pure water due to formation of the vergbl complex ion,
[AG(NH2),]".

[Ni*=7.6x10'° M; [NH,] = 0.70 M

Yes, AgCl will precipitate.

pH=10.1

1.2 M NH

AH= - (exothermic); this favors spontaneous proaesward direction but does not mean
that overall the reaction is spontaneous.

AH= +(endothermic); this favors nonspontaneous m®aeforward direction but does not
mean that overall the reaction is nonspontaneous.

-904.56 kJ

Entropy = S = amount of randomness or disoidera system. As amount of
randomness/disorder increases, S increases. oiesve negative values kS, which

is the change in entropy during a process, can hagative values.
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AS= +; entropy is increasing and this favors spcetas process in forward direction.
AS= -; entropy is decreasing and this favors nonsp@ous process in forward direction.

%as>> Siquid > Ssolid

A. AS =+ E. AS = -

B. AS =+ F. AS =+

C. AS =-

D. AS =+

4NH(g) + 5Q(g) —> 4NO(g) + 64D(g); AS =+ because=+1
2H0(9) + N(@ —>NH,() + O(9); AS = - becauseypF -2
+180.8 J/K

AG = Gibbs Free Energy; AG =AH-TAS;  AG=-, spontaneous
AG=+, nonspontaneous
CASE#1.: AH=+; AS= +; AG =+, dependent on temperature

CASE#2: AH=+; AS=- AG = +, independent of temperature
CASE#3: AH=-; AS=+ AG = -, independent of temperature
CASE#4: AH=-; AS=- AG =+, dependent on temperature

Crossover temperature: temperature at which reacao be made to change spontaneity
(i.e. spontaneous—>nonspontaneous or nNonspontarEspataneous).
To calculate crossover temperature: AH/AS.
Crossover temperatures cannot be calculated f@asG&#sand #3 because these reactions are
always either spontaneous or nonspontaneoustangbleratures.
AG’(25 C)=-1325.2 kJ; This reaction is spontaneol5aE. This reaction can be made
nonspontaneous at any temperature above the cevssowperature of 9825 K.
A. -391.08 kJ;  spontaneous at 25 C
B. +231.10 kJ; nonspontaneous at 25 C
AG’= Gibbs free energy under standard conditions asgexified temperature.
Standard Conditions: all gases having partial pnesef 1 atm; all solutes having
concentrations of 1 M; solids, liquids and gasesure form.
AG = Gibbs free energy under nonstandard conditimalsat specified temperature.
Equation relatind\G’ to AG: AG =AG’ + RTInQ
At 25 C: AG = +86.6 kJ; nonspontaneous
At800C: AG =-29.68 kJ; spontaneous
NOTE: To calculatdG at 25 CAG’ (at 25 C) could be calculated from standard Gfldes
energies of formatioAG’; since these are tabulated specifically at a teatper of 25 C.
However to calculatAG at 800 CAG’(at 800 C) had to be calculated from the equation
AG’=AH" - TAS'.
Derivation of equation relatilyG° to K:  AG =AG’ + RTInQ;
However at equilibrium the following conditions dyp1. AG=0; 2. Q=K;
Therefore, the original equation becomes: AG’ + RTInK;

Rearranging forAG": AG’ = -RTInK;

Rearranging for K: K = expQAG’/RT)

A. AG’(at 25 C) = -42 kJ/mol

B. Under the conditions given in Part B, the react®nonspontaneous in the forward

direction. To determine this fact, either 1.) cddte AG=+5kJ under this set of
nonstandard conditions OR 2.) calculate Q=2.6@h0l compare it to K.
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K(at 25 C)=3.01x10 K(at 200 C)=0.15

NOTE: To calculate K at 200 AQG’ at 200 C must first be calculated from the equmatio

AG’=AH" - TAS'.

At 25 CAG = -1388 kJ; reaction is spontaneous

At 750 C,AG = -1374 kJ; reaction is spontaneous

A. At 25 C AG’= -407 kJ and K = 2.2x1§ reaction is spontaneous under standard
conditions.

B. A temperature of 741 K (468 C) or above is neeieckgenerate the,®,,. This
temperature is the crossover temperature. Artgsover temperature the numerical
value of K is 1.

C. Yes, at 25 C the,B,,will spontaneously adsorb the water vapor. Tordetee this
calculateAG= -351 kJ under this set of nonstandard conditions
NOTE: To calculatAG, Q must first be calculated. For this react@m; 1/(Q,x)°
where the p,..,must be in units of atmospheres.

electrochemistry: study of interconversion bemvehemical and electrical energy

electrochemical cell: cell that interconverts cheahand electrical energy

galvanic cell: cellthat converts chemical energgy spontaneous chemical reaction
to electrical energy (an electrical current is gatexl).

electrolytic cell: cell that converts electrical egyeto chemical energy (an electrical

current is used to drive a non-spontaneous chemgeaation).
Batteries are considered to be galvanic cells.
The solution turns blue indicating that Cuxg&lzed to blue Cu(ll) and at the same time
Ag(l) is reduced to Ag(s).
Net lonic eqn: Cu(s) + 2 Ag—> Cu? + 2 Ag(s).
Oxidation Half-Rxn: Cu(s) —> Cd
Reduction Half-Rxn: A§ —> Ag(s)
No, a reaction between Ag(s) and“Guould not occur. If the forward reaction between
Cu(s) and Agis spontaneous; then, the reverse reaction betwgés) and Ctf is non-

spontaneous.

A. electrode - conductor of electricity (usuattade of metal)

B. Anode - electrode at which oxidation occurs; @dth- electrode at which reduction
occurs.

C. Electrons always flow from the anode to the cdéhoBy convention, the anode is
given a (-) sign; while, the cathode is given agigh.

D. Salt bridge - used to keep the solutions in éadficell electrically neutral. In anode

compartment, as oxidation occurs positive iongjareerated so negative ions flow
out of salt bridge. In cathode compartment, agagdn occurs positive ions are lost
SO negative ions flow into the salt bridge.

Cu(s)|CH(1 M)|IAG (1 M)|Ag(s)

Pb(s)|PB(1 M)||F,(1 atm)|H1 M)|Pt(s)

Net Cell Reaction: S+ 2 F&® —> Sri* + 2 Fe?

Pt on tin side is anode. Pt on iron side is cathod

Net cell potential (E,, ) is measured by placing a voltmeter in line agtheen the two half

cells. AG’ = -nF E,, where n = # mole of electrons transferred and¥500 C/mol &

(Faraday constant)



