Chemistry 20 Final Exam Review Questions

Unit A: Chemical Bonding
1. What are the forces that keep molecules together called?

IntermolecUac  foxces

2. What are the forces that keep atoms within a molecule together called?
lntramaclecolar forces

3. lonic bonds
a. Describe ionic bonds:

Involves the complete fransfer of electrons forming a cation and an
anion. lons are held fogether by charge attraction.

b. List properties of ionic compounds:
~ Form electrolytic solutionS - High melting and boiling paints
- Had and britte ~ Sgloble. in woater

4. Covalent bonds
a. Describe covalent bonds:

Sharing of electrors betwieen 4Wo or more nonmetal atoms.
b. List and describe the types of covalent bonds:

Nonpolar covalertt - equal sharing of electrans

Polar covalent - unequol shar\rq of elections

5. London Dispersion Forces
a. Describe London Dispersion Forces (LDF).

Weak intermolecolar forces thad resolt from momentory dipoles
cavsed oy elecad movement within a molecue.

b. What substances exhibit London Dispersion force?

Al sobstances because all sobstances have eectrons.

c. Explain why larger molecules have greater LDFs than smaller molecules.

LDF increases as the nomber of electrans inckeases.



6. Dipole-Dipole Forces
a. Describe intermolecular dipole-dipole forces.

Mttractive forces between oppositey charged permanent dipotes
on molecules.

b. What substances exhibit dipole Forces?

Polar molecules

7. Hydrogen Bonding
a. Describe hydrogen bonding.

Occors befween molecutes that coptain F— H 0

. . ' i H ' a N e
Highy elecironegative atom polls electrons away fromrh\‘drﬂ bo‘?_de" ;
the nuclevs unshielded, which attracts th< lone pair onncigéhboran[ ’N,(ll:\“g o

b. What elements must hydrogen be bonded to in order for hydrogen bondsto occur?

F el 0= N —H

8. If substance A has a higher melting and boiling point than substance B, what can you say
about the substances’ intermolecular forces?

Substance A hos stronger intermolecular forces.

9. Nitrogen has 7 protons and 7 electrons, sulfur has 16 protons and 16 electrons. Which of
the two have a greater London dispersion forces? Explain.

Solfur becavse ithas stronger LDF due 4o greo’rcr nomber
of elecfrons.

10. Describe metallic bonding.
Mobitle electrors are shared between all atoms, ho\ding the
posifive nuclel of all the mela alans together.

11. Describe the bonding structure of network covalent structures.

Composed entirely of covalett bonds forming a giart wolecdle.

12. Rank the IMFs from strongest to weakest.

Hydrogen bonds -» Dipole-dipole 5 (pF



13. Complete the following table on atom characteristics.

Atomic | Atom Group Number | Number | Lewis Number | Number
Number | Symbol | Number | of of Diagram of of Lone of
Valence | Occupied | atom Electron | Bonding
Electrons | Energy Pairs Electrons
Levels
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14. Complete the following table on atom characteristics.

Molecule | # of # of Lone = Lewis Structure VSEPR Diagram Name of
or lon Bonding Pairs VSEPR
- Formula | Electrons Shape
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Unit B: Gases

1. Convert the following:
a. 235torrto kPa

735 torr x 101325 kP © 2) 2 kPq
1O torc
b. 180 kPa to mm Hg
130 KPa x  FTLOMMHg . | 25 x (03 rmtg
101.325 KPa
c. 2.34 atm to kPa
2.3% af x [01325KP  _ 53 ¢
[attn

d. 24°Cto Kelvin
21°C * 2733.1SK ~ 291K

e. 987Kto°C
q81th= 272:45K= T'C

2. Give the conditions for STP.
213.1S K ond 101.325 K

3. Give the conditions for SATP.
298.\SX ond 100 KPa

4. An unknown gas has a pressure of 469 mm Hg and occupies 29.0 ml. What would be the
new volume if the pressure was changed to 0.998 atm?

0Qa% atm x FommHg - 35%.4% mm Hg

latm
PV, = 0V2 V27 HeQ mmHg % 29.0mL . 13.93 . ml
Vo= PVu F5%.4% mm Hg

o [V2z 139 my)

5. What would be the initial pressure (in mm Hg) of 80.9 L hydrogen gas if it was changed to
660 torr and had a final volume of 89.0 L?

V= PNz p o o dorr x g9.0L

oz PN 20.9L
V,

= 320.08... forr

\Pz‘— 120 Yoxr




6. What does absolute zero mean?

Lowest possible temperafure. No spaces between partictes and
fhe Kinetic enerqy of parfictes (s 2ero.

7. What would be the new volume of oxygen gas when pressure remains constant if the
temperature changed from 39.0 2C to 55.0 2C and its initial volume was 685 ml?

Vo= Vz V.= 8Sml* 323.i1SK

—J' _VTTl 312.15 K
2z V 12
i f = 320.11...mL
T T2 M

\37; 7 )5\ 8

8. Asample of nitrogen gas exerts 52.6 kPa at 66.0 2C. What pressure would the gas exert at
99.09C if the container’s volume remains the same?

= P
i
* 52.l0kPa ¥ 312.1SK
239.15K
- 53.38...KPa [P=5t3Kpa]

9. Helium gas in a hot air balloon experiences a temperature change from 21.02C to 55.0 2C
and an atmospheric pressure change from 100 kPa to 88.5 kPa. What would be the new
volume of the hot air balloon if its initial volume was 125 kiloliters?

\,Z‘: P|U|TZ
g T Pz
= |0OKPa % 125 kL x 32%.\S K
; .5 RPq
294.1s K x B%.5 \\,Z: = Kg
= 187.5(%8... KL

10. A 2.7-liter sample of nitrogen gas is collected at a temperature of 45 2C and a pressure of
0.92 atm. What pressure would have to be applied to the gas to reduce its volume to 2.0
liters at a temperature of 25.0 °C?

Pz: PlV[T‘z_
TNV,
= 082aftm x 2.3L x 298.15K

21¥.18K % 2.0L
= c o AT,




11. A sample of argon gas occupies a volume of 2.0 L at -352C at 1.2 atm. What would its
Celsius temperature be at 2.0 atm if its volume decreases to 1.5 L?

T2 :PZ\JZT|
PN 293.6%F5 K- 7213.15X
1 v : )
= 72.0a0tm x 1.SL x 228.IS K 24.5375°c
|.2Zafm x 260
= 2971.03%315 K .
(Tf 25 c,]

12. What pressure would 2.00 Kmol of fluorine gas exert under 452C with a volume of 985 ml?
P= nkT
v
2000mol % £.3\4 KPa-L|moal-K x 38.I15K

o4assL

u

§.2370%... X (0 KPq

[f 5.2 x |0¢ kPa

13. What would be the volume of 3.52 mg of chlorine gas at 21.02C under 99.2 kPa of pressure?

n=m NE4!
™ FiBye*
= 3.52x1073¢g =4 L% [0"5mol x T3 KPa-L|mal-X x 294.15K
70.90 gmo] qQ9.2kPq
= KAl x (07S Mol = 0.001223...L
2 L2235, - TYAL

k\]: .22 mg

14. What volume of oxygen gas would occupy at STP that has a mass of 9.45 grams?

n:_m— \]: DKT
™M -T;"‘
= 94459
-0.295mol x$.214 KPa-L [al-K X 233.|5K
32.003Imo| ol
: 0.295.rmdl [0].325 KkPq
B = (o0.oW1%-.. L ‘\}'—(9.(9\\_\
OR . e
V=NVm A

= 0.295...mol X 2Z.4 L |mo ——j
(0.7 L 7/
T . lS L L\l 2o




15. Oxygen gas and magnesium react to form 2.43 g of magnesium oxide. What volume of
oxygen gas at 94.9 kPa and 25.02C would be consumed to produce this amount of MgO(s)?

2Mg s + Oz (ay - 2MgO0csy
N6, 0.0002%. ..ol % /2 D=,
: 0.02014 ..ol i
V=ngT =2.4%q
2 40.31 gqlmol

= 0.02014... ol x §.314 KPa- L{mecl-K X298 1SK-
94.9 kPq

16. Nitrogen triodide decomposes into explosive nitrogen gas and iodine. Calc'ulate the volume
of the gas produced at STP when 395 mg of Ni; (g) decomposes.

NI (o N2y + 3T,

0.0(02%...mol

n=m 0= 0.00100Mm0\ % \[2
™ = 5.003...% (0 "4 mal
PO e i
394.Hglmol 5.00%...x (0% mol * 22 4 L|mol
= .00\00...tnd = 6.012.0%... L

\Ung = 12w

17. A 2.00 liter of sample of ethane, C2Hg, is burned at 1.00 atm and 25.0 2C with an excess of
oxygen. What mass of water vapor will be produced from the burning of ethane? What
would be the volume of the water vapor under the same conditions?

2C He gy ¥ 102 -» U0 (q) + (eH,0ca

n: PV Nho= 0.03115 ..ol x 6[2
RT = 0.24525...mol

= [01.325 KkPa * 2.00L —
3.314 K¥a-Lmol- K x Z33-15K  0.02457%. .ot ¥ (§.02g(mol
= 0.03175...mol © 4495, .9
No, = 2..00L % U]
= (g.00L

18. If 15 L of methane gas undergoes complete combustion, what volume of oxygen gas@will be
required? What volume of carbon dioxide will be produced?

CHy 9 t 0wy 7 i@y ZH20u9)
V=1sL V= I5L % 2] V=1SL X\
- SOL = lSL




Unit C: Solutions, Acids, and Bases

1. Define the following

a.

Solute

Substaonce thot qeffs dissowed .

Solvent

substance that 4he solote is dissolved .

Saturated solution
Solution et contains the moximom amoutt of solute at a
given temperature.
Miscible
A liquid that will formn o solotion with another liquid in all
proportions. E.g. ethanol and woter.
Immiscible
A liquid that will not forn a solution with another liquid in ooy
proporiion. E.q- oif and water.
Endothermic reaction

Requires more enerqy to break bonds than is released when new
bonds form .

Exothermic reaction
Releases more. eneray Whed new bonds form +han is requived to
break the initia) bonds.

Solubility Equilibrium
When tne rote of crystallization is equal 10 the rate of dissolvingin
a sofurated solution.

2. What is the difference between gases and solids in terms of temperature and solubility?

Increased temperature resolts in increased  so\wbiliy for
solids, but decreased solubilihy 1 qases.

3. What is the molar concentration of a solution that has 4.4 grams of sucrose in 990 ml of

solution?
n=m C':S\_
™ Y
- ‘—l."\g : 0.012%5...mo)
3"\2.3‘46[(“0\ 6Q9qoL
= 0.0\1235...mol = 0.0129%... mo\|L

C=0.013 mo\|L

9



4. What s the volume of a 0.750 mol/L solution containing 2.50 grams of salt (sodium

chloride)?
N=™M \j:ﬂ_
™~ c
=1.509 =0.0421%F... mol
5% 44 glmol 0.1Somol [L
= 0.0423%...mol T 005703 « =
(\l = 0:0576)
5. How many liters of 1.50 mol/L solution of magnesium hydroxide would contain 40.0 g of
solute? NQ(OH\-L
n= m V=0
C
™
= ...mnol
= 140.09 - 0.085% \TL
- 50
5%.339Imol [.somo
= B/(RST . .61 = B:M57 .. L

Elro.qswq

6. Sodium phosphate solution is used to remove the scales at the bottom of a tea kettle.
Calculate the mass of sodium phosphate needed to make 4.00 L of a 0.500 mol/L cleaning
solution. Nao; POy

n=cvV m=nM
= 0.500mo\ [L* 4. o0l = 2..00mol % 16394 glmol
= 2.00mol E 314,339

7. Express the following in % (v/v) or % (m/v).
a. 6.0 g of potassium chromate in 100 mL solution

C=Msaste . x 1007 = 008 100 = G lm|V

Vsolotion 100 ML (=607 m N
b. 0.75 ml of methanol in 12.0 ml of solution '
C= \'_f‘ﬁ’&’i‘; %x \00 (e = m X \007s = (0.25"lo \]l\/
Vsolulien \Z2.0mL

=03 (NN
c. 4.5 g of calcium chloride in 0.0500 L of solution

C:M % 100 s » 4.59 X \007 (e = C{'Io le R

Vsolution 50.0ML c=9.0"lem|V

10




8. What mass or volume of solute is contained in the following solutions?
a. 150.0 ml of 2.2% (m/v) solution containing sulfuric acid
= = X \
C= Msolute x 1007/o Msolvte = C \Jso\‘ulh_og_
Vsslution \00°/s

= 2.2%e X 1SO.0mL _ 2 2 “
100°le 3

b. 50.0 ml of 6.5% (m/v) solution of ammonium phosphate
Msolute = C * Nsolokion
\00° (<
: 0.5 x 50.0mL = 3759 m=3.3
100" (o
c. 89.0 ml of 75% (v/v) solution of ethanol
Nsolute = C % Vsotution
\00’le

=315l x $9.0ML = (. FSML \\1= (G mL )
00"

9. What volume would be needed for the following?
a. 3.6 gfroma5.5% (m/v) solution of sodium acetate
Nsolotion = Mgolute % 100°(e
o

= 3(9% x 100/ =(9'5-q%m\— @
5.5

b. 25.0 ml from a 10.5% (v/v) solution of hydrogen peroxide
\solokion = Vsolute X 100°(s

¢
= 25.0MmL ¥ \00°[e & Z%X'Oq._‘ml_ W= AN S mq
10.5°[-

c. 9.6 g froma30% (m/v) solution of calcium chloride

Nsolotion = Msolu¥e X 100«
(&
= q.(.oix \00°1L = 22 mL \\l"'%Z mL
30°(»
10. What is the % (m/v) concentration of 2.50 mol/L of hydrogen peroxide?
- e ¢ Dsolote .« (007
= 2.50mol X 34.02glmol Vsolution
z %5.053 = 95.059 x 1007(-

lcoomL

3505°lemlv  [c=8.51 Y
11. What is the % (m/v) concentration of 433 ppm of sodium chloride?

H33ppm = H33mq = 04339

L looomL (c=0.0433° e mlV)

C= Mguvte x 100°[c = 0.43%3%g
Vsolution

X \00°[« = 0.0433 [em |V
looom\L 11



12. You are diluting a solution and you want to prepare 0.500 mol/L at 200.0 m! from a stock
solution of 1.00 mol/L, what volume do you need from your stock solution?

Vici =V¢ (s

Vi=Vels
i
= 200.0mL ¥ 0.500mol [L
l.oomol L
= loomL |Vi= loomL

13. Commercial sulfuric acid is 17.6 mol/L. If one uses 170 ml of the concentrated acid and
dilutes it to a volume of 1.50 L, what is the concentration of the diluted sulfuric acid

solution?
Viti=Ve (e
Ce=ViCi
Ve
= 0.170L % [F.0omol|L

SO
= .94 le... mo\[L \C;'—l.qqmo\ll.

14. Calculate the mass of solute needed to prepare a 500 ml of a 0.800 mol/L solution of
potassium chromate. Ky Cr, O3

n=c¢cv m= N™
= 0.300mol |L X 0.500L = 0.4mol x 255.10 glmol
= 0.4mol =102.04 9

15. Suppose the solution in the previous question was the stock solution and you wanted to

make a secondary solution that is 250.0 ml that is 0.4500 mol/L in concentration, what will

be the volume needed to make it?

ViCi= NgCs
V; = NgCs
Ci
= 250.0mL X 3.4500mo\|[L
G6.300mol |L
= |H0.625 ML \Viz tetienL

12



16. Outline the process of making a standard solution from a mass.

1) Measure the reqp'\ra:} Mass of solute and dissove in 'z 4he
solvend volume required.

2) Transfer to volumedtric £lask.

2) Rinse qlassware 3 +imes and fransfer o volumetric €lask.
4) Add solute Yo volome marfon Flask using a dropper for
final porfion and a meniscos finder.

5) lnvert Flask several Hes

17. Write the dissociation equation for the following and give the ion concentrations for each
ion.

a. 2.50 mol/L of calcium nitrate

CQ (N03\7_ gy = CO’J ) * 2_(\‘03- aq)
cz=2.50mol [L C=2.50mol[Lx\[1  C=Z.S0mol|L x 2]
=72 .50mol|L = 5,00 Mo\ |L
b. 3.00 mol/L of cobalt (Ill) acetate
Co ((choo\)s(am = Coqu) ¥ 3CH3C00-(0q)
C=3.00mol [t c=3.00mol[L X1 c=300mol|L x 3]
= 3.00mol L = q.00mol L
c. 1.25 mol/L of zinc chloride
Zn Clz (o) -2 Zn% g ¢+ 2C\ Q)
c=1.75 mol|L cz1.25mol L X\)  c=l.2Sme\|L x 2,
= .25 mol (L T 2.56 mo\|L
d. 0.750 mol/L of ammonium sulfate
(NH"\\‘L S0y (aq) =2 ZN\’\q*(QCD 3 SO\.\z'(aq/)
C=0.750 mol (L ¢=0.150mo\|L x Z[) ¢ 0AS6mol[L x V)
=1.50mo\ | L = 0.9S0wmol |L
e. 0.250 mol/L of acetic acid
CHzCOOH ap = CH-CO0 gy - H* g
C=0.256mol\|L

C=0.250 mo\|L

c=0.250mot L
¥ assume the acld completely ionizes «

13



18. Give three properties each of acids and bases.
Acids - sou, furn IHMUS red, corrosive, fead with metals toproduce Hzea,
Neovt ralize bases.

Rases - bitter, turn (ifmusblue, feel slippery, cortosive, nevttalize acids.

19. Define the following:
a. Acid according to Arrhenius
Molecolar substance that ionizes 0 water 4o praduce  Hfaqd.

b. Base according to Arrhenius
lonic compaunds that dissociate in water to groduce  OH waq.

¢. Acid according to modified Arrhenius theory
Svpstance {nar reacts yvith water o produce HyO'aqd .

d. Base according to modified Arrhenius theory
substances that dissociote in water 4o praduce OH ey or

react with water +o preduce OHagy.

20. What is the difference between strong acids and weak acids?
Stong acids reack completely with water resolting in strong acidic properties.
weak acids donot react completely with water, resuu—u\g i wWeokey
acidic Properties. Must memorize strong acids.
21. What is the difference between strong bases and weak bases? : )
strong bases reack [ dissociote completely in water, resukhr\g N strona bas\c
copertes. Rl ionic hydroxides and axides are strong bases. WeaX bases
do not react completely with water, resolting in weaker basic progerties.

22. Why is an equilibrium arrow given in some of the equations for acids and bases?

An equilibriom aron (2 is used for weak add and wea base
reactions to indicate that 4he reaction is tess tra0 507 complete.

23. Why is a straight arrow given in some of the equations for acids and bases?

A straight aon () is vsed for sftong acid and strarg base
reactions 4o show that the reaction is more +han Q97 complete.

24, What is the difference between a diluted acid and a concentrated acid?
A diluted acid hasa very small amout- of acid per unit volowe.

A coneentrated acid has a greater volume of acid per onet volume.
14



25. Write modified Arrhenius equations for the tollowing acids:

a. boric acid

H3303 aq) ¥ \'\7__0(\\ = HSO‘LO»QD * H7_605~ ('Qq)

b. acetic acid
CHzCOO0H gy + H. 0@y =+ Hi0%way + (CH3COO0 g

c. sulfurous acid

H,S03aqy + H20w = HiO'wagy + HS0: (a0

d. carbon dioxide

CO2y + H20(n == HZCOS(O%)

HzCO30y  + H00 = Hi0'agy + HCO03 ag)

e. h\lC\\’ObrOW“C acd

HBr (aqy + H.00y — H%O*(O&C\,\ ¥ %V—COCD

26. Write modified Arrhenius equations for the following bases:

a. sodium carbonate
NQz c,03 Q) -2 2. Na* (aq) 3 Co—sz -(.GQ,)

0> + H0wy = OH g r HO3

b. strontium oxide

StOwqy + Y20 - SV(OH\z(aq,\
Sr (OH\l(aq) = StHapy o+ 20W" (o)

c. sodium hydrogen sulfate
NoHOywqy -2
UGy ey + H0y = OH(ag

Nat Q) v HSOq_ (aQ)
t H2SOycaqy

d. lithium hydroxide
LiCHway = Littaqd + OH @y

e. calcium oxide

Calwgy + HOw -5 CalOH); (g

CQ(OH\‘L(Q,O_) - Co*twaqy + ZOH" (agy
15



27. Calculate the pH for the following hydronium ion concentrations: PH'— 2 log [\‘\30*(%\]
a. 0.02 mol/L
pH= -loq [0.02mol[L] = 1.7
b. 2.5 mol/L
pH = -\og LZS mo\l(_] ®= =050
c. 0.0065 mol/L
pH= -log L 0.000Smol [L] = 2.19
d. 9.67 x 10-9 mol/L

PH=“09LQ.(9?X(0"‘mO\lq = §.015
e. 0.0874 mol/L

pi=-log [0.03F4 Mot [L] = 1.05%

28. Calculate the pH for the following hydroxide ion concentrations: pOH= ~109 Lonwq]
a. 0.36 mol/L

poH= - log [0-3¢wol[L] pH=1H ~0.H430... PH= 14 - poR
* 0UY30 ... - 350
b. 0.559 mol/L
poH= -log [0.55Qmol[L] pH= 14 -0.2525...
: 0.252S... - (32347

c. 1.90x 10-5 mol/L
POH = - log L1.90% 10"5mol (L] pH: 1 -KAZT\T..

= 4.I2\NZ... =q.7219
d. 3.9 mol/L
POH:= -log [3.9mol|L] pH= I4- (-o0.s54910..)
= -0.5910... = 4.59
e. 0.004 mol/L
pOH:= - log (o.004mol|L] pH= 1- Z.39%9...
2 2:.23979 ...

= |l
29. Calculate the hydronium ion concentrations for the following pH or pOH values: pH+ poH = \4
a. pH=2.45 HeO = 10~ 2%
(H:0* oy]) = 107245 (Hs0'aw]
=35 X107 3mol (L
b. pH =6.550 .
[H30 )= 107

= 2.31% % 16" *mol\ |L
c. pOH=2.990

PH=14-24890 (Hsotw@qs)= (OO

: Lol = qQFTZ * 16 mol L
d. pH=8.35

(H30* (]

lo-?.‘ss

4.Sx% 10" mol | L

16



30. Predict the pH of the solution made by dissolving 925 mg of nitric acid in enough water to make

850 mL.
HNOz g + Hz20m 2 Ha0%q + WO»-
N=0.60M0...mor > 9

ms= Gq253 C= "3_. PH: - ‘(% [—H30¢ (.OQ)]
n=m.
bt : 0.04L...;ol = -log (o0.01F2s.. o\ (L]
i Sl 0.%s50L = 1.3625. ..
(93.07.3(«\0\
= 0.0\4b..mnol = 0.013Z0...tnol|L (pr= 1703 \

31. Predict the pH of the solution prepared by dissolving 3.589 grams of magnesium hydroxide in 1.50
liters of water (assume all the magnesium hydroxide dissolves).

Mo(0H)z aqy -7 Ma™wa + 20H (g
n=m 0= 0.0615...mol x2fi  poR= -log LOH 0]
™ = 0.1220...mol = -1oq (0.0320...ma\ U]
s — « |.0%59...
5%.33 glmol v
0015 (B O = 0.1220...mol PH:\L\—POH
: s 1.50 L :\q,\'o%sq
= \|L T 2 | T —
0.0%Z20...mo l (PH: 12914
32. How much solvent will you have to add to 150 ml of perchloric acid that has a pH of 3.500 to

change it to a pH of 4.0007? ViCi=VeCe V= VH&

[H:0¢ag]= 1O-PH N

o Ve: 1S0mML % 3.10 X 10" o\ |L
8 | (B - lO’“mo\IL [ % \0""m0\lL
(Hi0'@ay] = 107 9:090 = y34.341... ML
= % 10" o\ |L Vadded = 4t . 34\...mL ~ 1SOmML
= 2324.34...mL
V= 324m|
33. A student wants to make a solution with a pH of 7.900. What mass of sodium hydroxide will the
student require to make 4.50 L of solution?
oW= |4 - pH
+ .

NaOHw@g -7 No'w@®p + OH (aq) r : |4 -1.800
N=3534.. X 10" mol x \[1 (OH o] = 10~ eon = (5.1 00

&S % 10" Yrnn : |O7v100

o = 3.943... X 10" ot L
n=cV

= 3.574... x (0™ mo\ X

= |g479.. %10~
3 =235%34,.. X 10 mol

Eﬂ"—l.WS" m'“gﬁ\ 17




Unit D: Quantitative Analysis

1. What color of flame does the following show?
a. Lithium red

b. Sodium \re\ow
c. Lead blwe-white

2. How many moles of hydrogen gas are produced if 0.500 mol of water are decomposed?

ZH,0y -7 ZHzp * Oz (9
n=0.so0omol n=0.500mol x 2/2
= 0.500 mol \nH; 0.500mol

3. Sulfur reacts with barium oxide to produce barium sulfide and oxygen gas.
a. How many moles of elemental sulfur are needed if 2.00 mol of barium oxide are used?

Sg(9) * 3Ba0(s» -2 FBaSw + 402w
Nn=2 comol % }|8 n=2.00mo)

= 0.25mo) (se=0.250mo01 )

b. How many moles of barium sulfide are produced from 0.100 mol of sulfur?
Negas = 0.l100Mol % 1

& @S (Ngas=6.300mol

4. The combustion of methane gas takes place in the presence of oxygen gas to produce carbon
dioxide and water vapor (the compounds produced when you burn a hydrocarbon)
a. How many moles of oxygen gas are needed to completely burn 3.00 mol of methane gas?

CHy ) - 202(9) =P COzq) * ZH 0w
n=3.oomol n=3.0omolx 2/
= (0. OOMOI

\No, = 6.0omal
b. How many moles of water vapor are produced from 0.0400 mole of methane gas?
Ni0 = 0.0400MGl x 2[4

= 0.08mol

@sz 0.0%OOmo\)

5. lIron (Il) phosphate reacts with tin (IV) nitride to produce iron (ll) nitride and tin (1V) phosphate.
a. How many moles of tin (IV) nitride are needed to produce 0.500 mol of iron (ll) nitride?
1Fe, (POW)2 (9) +  SnyNyway - ZFe,Nzwg) + Sng (P()q\q ()

n=0.500mo\ * \ [z n=0.500mol
= 0.250mol m

b. How many moles of iron (Il) phosphate are used when 0.045 mol of tin (IV) nitride also react?
Nfey(Pow)2 = O.04SMol % 2]

= 0.09 mol
18
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6. When 6.5 mol of potassium chlorate solid breaks down to the simpler compound of potassium
chloride and oxygen gas, what mass of KCl (s) would be produced?

2K C\Gq(5) -y  ZKRCYusy + 302
n=k.sSmol N=k.Smol x \[t = (.S Mol
m=n™
= 6.Smol X 34.55g]mol
= 434.57 959

m=4.gx%10%g
™ |

7. When an excess of silver reacts with 3.45 moles of zinc phosphate, what mass of silver phosphate
would be produced?

© Aqs * 0 Zna(P0W)z (v ¥ ZRAgaPOg 4
n=34smol n=345mol ¥ 2z/)
= ©.9mol
m=n™M
6.9mol x H13.58glmo)
2%%3.202 9

Lm“« 7..%9 x Lo3a

8. In neutralization of sulfuric acid solution, 4.56 g of sodium hydroxide was used. What mass of
water would be produced in this reaction?

H, S0y (o) +» Z2WN0o0H (aq) -? Na, SOy caa * ZHOHWn

San

m= 4.5ug n=0.\\4mol x 2[2
n= M = 0.\ldmol
™
m= n™
= L\:Us l = 0.4 mol * 18.02g|wmol
0.00g9lmol
= 2.0SH7%
= 0. \4mol g 3

9. Wheniron (Il) hydroxide reacts with cobalt (Il) phosphate, iron (Il) phosphate and cobalt (l1)

hydroxide are formed. If 3.00 9 of iron (Il) hydroxide react, what mass of cobalt (ll) phosphate
is needed?

3Fe(0H)a(sy Cos (POW)2 sy = Fes(POu)a(sy + 3Co(OH)z (o

m=3.009 h= 0.03338..mol ¥ 1|3
i1 Z0.0l11Z...mo)
) ;‘OO b= M
_ﬁ.__l-—— =0.0llZ...mol X 3u(n.”*'53\m0'
Mo |
B.5H0 = 4.030k ..-9
= 0.0333%...mol
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10. Calcium acetate is added to 10.0 ml of 0.0200 mol/L silver nitrate. What is the mass of the
precipitate produced?
Co (CH4CO0)z (aq) + ZASNOg(Qq,\ 7 2ZRAgCH4C00 sy + Ca(NO-= taay

a=cV oo NF 2 %107 mol x2[2
= LY O
0.0200mo!| 53 (5-9si

= 7% 10"
e e m= N™
= 2x 10"%mol x lee A2 glnol
= 0.033%%3%49

(m=0.0834q |

11. Predict the volume of the base (0.250 mol/L of sodium hydroxide) needed to be added to
neutralize 75.0 ml of nitric acid at 0.500 mol/L.

HWNO03z g - NaoHaq) = NoNOzagy + HOH (v
\=0.07SL c=0.250mMol\|L
c=0.500mol|L n= 0.033Ssmol x \[1 = 0.03%Smol
n=cV = I
: g.500mol L * ©.0FSL C
: 0.023S mol = 0.03Ftsmol

O.250mo0\ (L

it [F=0.150L or 150w

12. A 150.0 ml sample of 0.7500 mol/L of aqueous solution of sodium sulfate is added to 250.0 ml of
strontium hydroxide at 0.350 mol/L. Predict the mass of the precipitate.

Noa, SOy taq) . SV(OHBz(aq) < SrSOusy + 2WNaOM (ag)
NV=0.\S0L V=0.250L L—=an= Smol % VI
c=0.750molfL c=0.350moal |t Br=OL80 Suns
'\/ n=cV = 0.0%3t s mol
n=c ;
= = 0.350mal |L* 0.250L m= oM
00-?:320‘“"‘0"‘5‘- ey = 0.083TSmol % 133,09 glmol
= . mo T A
L.K = ‘u 10?2% ...%

Nrequired = 8.03Fsmol % V)

K:o.o%?Smol \ m= lle.1g I

E
13. What volume of boric acid at 0.025 mol/L will be needed to neutralize 90 ml of 0.055 mol/L
magnesium hydroxide?

ZH3BO04@ay  + 3Mq (0H)2 ) 2 Mg3(BO4)zagp + OHOHW
c=0.025mo\|L C=0.05Smol L

n= 0.66495mol % 2|3 N=0.09L
= 6.0033mol n=cvV

V=0 = 0.05smol|L x 0.09L

—

S g 0033mol D8 G P 20
=0.0033mol

0.025 mo\ |L »
= 0.132L =0




14. For each of the following questions indicate which reactant is the limiting reagent, and which is
the reagent in excess. You may need to complete a balanced chemical equation before answering

the question.

a. 25 grams of zinc reacts with 75 g of nitric acid. What mass of zinc nitrate is produced?
T0sy = ) HNO-s aqy -2 ZD(NOS\ztaq) > Ha Q)
L n= 59 n= G.3822..mol x \[I
) ;_159 ‘l"i’;zﬂ““”‘ = o.'s:zz...mot
T AL ALC) m=n
gl ER 2 6.3322...m0l x\¥A.43 g Mol

= 3.3%272...mol
Nrequired = 1.190...0na\ % Y2

=0.5950..mol
LR

F2.401 -9

\m=7F2g

b. 15 g of sodium hydroxide reacts with 26 g of hydrochloric acid. What mass of sodium chloride

is produced?

NoOH aqy + HClaan -7
Lt} n= 2.leg
= T“Sg 3(9-‘-\(99!“\0\
= 0. F13l...mol
Uo.00g/mol ER
= 0.3#smol
LR

c. 2.0 gof methane reacts with 7.0 g of oxygen. How

Naclaq + HOHy
Nn=0.3FSmaol X ‘1
T 0-3T5mo)
m= 0™
= 0.31Smol *» 5%.44glnol
= 21.9139g

\m‘-’Z’Lg |

many grams of carbon dioxide is

produced?

CHu (o + 2029y, -7 COz(q £ 20 B
n=m, N=%.0g n=0.218"Smol x \[2

=2.09 32..003lmo| = 0.109%...mol

le.05glmol = 0.218#Smol M= nM

= 0.1240..mol L% = 0.1093...mo) * H4.01glmol

Nrequired = 0.218FSMo\ x \[2 = 4.3135...9
=0.1093..mo! 21
ER m=4.%




15. When 84.8 g of iron(lll) oxide react with an excess of carbon monoxide, 57.8 g of iron is produced.

Fe203s5) + 3CO 2> 2Fes) + 3COa

What is the percent yield of this reaction?

NFe, 03 M,
M
=34 .39
159.7F0 9Im01
= O,sgoqN\Ol
Nge = 0.530Q...004 X 2]
=1.0@19...mol
m=nN™
= 1.0619...mol x 55.35glmo!
=59.31722..9

°loNield= actval  (ppe/.

predicted

= 5%.%9 x 1607,
Sq.3\22...3

= q3.450... “l«

|Toyied - A%F.5° /

16. When 50.0 g of silicon dioxide are heated with an excess of carbon, 32.2 g of silicon carbide are

produced.
SiOzg) + 3Cis) =2 SiCis) + 2COg

What is the percent yield of this reaction?

Nsio, = M.
™
= 50.09
(00 .09 glmol
= 0.3320...00}

0.%220...mo\ x V]I
0.%320... Mol

m-n™
= 0.%320...tol x Ko .\03|mol

Nsic

= 33.3066...9

lo\ied= actval 1007
predic’red
=32.249 X 100
33.3(0(0...3
= qQL.50%... *[.

[“teyield= A0 sz_J

17. What is the percent yield if 3.74 g of copper are produced when 1.87 g of aluminum are reacted

with 14.5 g of copper (1) sulfate?

2 Al +  3CS0yuy -2
n=m_ n=14.59
™ |
= 1379 (')S:;‘gg)mo
) Imol =0. ..o
AU %3 LR
= 0.00643%!...mol

Nrequired = 0.620%H....mo\ X 2[3
= 0.0005k...mol
ER

* A1, (S04)y (aqy

N= 0.000%...mo\ x 3]3
: 0.09084%... mol
) m= Y\M

= 5.09084...mo\ X 63.55 glmoal
=5.132...9
%oyield = actoal__ %100
predicted
*3449 ___ x(co7 22
5. 112..9
= (4. 185... e

| tovield= (4,37 |



18. 50.0 ml of 0.250 mol/L potassium phosphate reacts with 25.0 ml of 1.00 mol/L lead (Il) sulfate.
What is the mass of the precipitate?

7 Ka POy o) + 3PbSOyway » Pby(POu)a(ss  + 2K,S04caq)
n=cv n=l.00molfL x 0.025L 5= ol2Smol x V(2
z0.250mel|L X 0.05L . 5 595 mol : 0.00LZS5mol
2 0.0125 Mol ER .
Nrequired = 0.0ZSWol X 2[3 = 0.60025mol X (p04.3H glmol
*0.0li...mol =3,3#11...9
LR

\m=3.739)

19. 75 ml of 1.25 mol/L of HCI (aq) is reacted with 125 ml of 1.00 mol/L KOH (aq), what is the
concentration of potassium chloride produced?

HC\wag) + KOH(aq) -

KClcag) ¥ HOH(y
n=cv n=1.00mol [(*0.12SL  Lsn=z 0.093735 mol x \/]
=1.25m0\|L X0.0TSL = 0.17Smol 20.09 37S mo)
*0.0937Smol ER =FSmL + 125SmL = Z200MmA
LR (3
)
= 0.0937FSmol
O.zo00L

= 0.4L3#Smol L
\[_Kcl(am]= O.‘-Fl-mo\E)

20. Use the following titration data to determine the concentration and pH of the sulfuric acid.

Titration of 20.00 ml sample of H2S0a (aq) with 0.550 mol/L magnesium hydrox{de
Trial 1 2 3 | 4
Initial Burette Reading (mL) | 52.6 38.6 ) | 15.7 i
Final Burette Reading (mL) | 38.6 27.1 15.7 (41 Vavg® 1.5
Volume of Titration (mL) 4.0 1n.< Wy | U.le
HoSOuaay  +  Mg(OMzaay =  MgSO4caqy  + 2HOHwW
\V=0.0ZL C=0550mel|L
N=0.00632Smol x\[I = 06.0115L pH= -log [Hz0" )]
T0.00L32SMol n= ¢V = —\08 [_O-%\U!ZSW\O\IL]
c=n = 3.550mol L ¥ 0,.015L
N ) = 0.4999¢. ..
0.02L —
= 0.31b25 Mol JL [H2S0y (aqy] = 0.31emol L
pH=0.500 &




