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6.12

6.13
6.14

6.15

6.16
6.17

6.18

6.19

g NS UEMS

Though the equation ;
St Fra0, 1 i9n i balanced, Hy0, is not the formula for water. The formula for

2H;+ 0, - 2H,0
(@) CeH,04 + 60, - 6CO, + 6H,0
®) Cugy +24gN0y40 - Ag(s) + Cu(NOS),
(C) Fe. o b '3)2(aq)
203 + 3CO) — 2Fe, + 3COy
;Z; 2CC4Hmw +1305) - 8CO, + 10H,0)
& ZXH:I(.» *+ 5029 = 3CO) + 4H,0p
o zHgé Os30a9) + NazCO345) — Ag,COs9 + 2NaNOsag
M o) + KoCOs  Hy0) + 2KCliagy + CO2
ok € + 30, — 2Fe; O3,
3k 2;’1"(1\’03)3(.@ +3N28(aq) — Mn,S3( + 6NaNO3(ag)
: nS + 30, — 2710 + 250,
<}:) N2:0, + 2H,0 - 2NiOH + O,
D2KOH + H,80, — K50, + 2H;0
()2KCI0; - 2kc1 + 30,
(k) 3Ca(OH), + 2H;pO, — Cay(POy)2
(@) A substance undergoing reduction and (d) an oxidizing agent
(@) Two electrons are removed from Zn and Cu?* takes up the electrons.

(b) Two electrons are removed from Cu and two Ag? ions take up the electrons, one for each.
(¢) Ca=+2 and O=-2

(@) S=+4and O =2 (b) Na = +1 and O=—2
(d) K=+1, Mn=+7, and O=-2 (c) Al=+3 and O=-2 (f) C=—4 and H=+1
(i) H=+1,8=+6,and O=-2

(® Li=+1 and O=-2 (h) Fe=+3 and Cl=-1
(K) Zn=+2 and $=-2 (1) Fe=+3 and O=-2
(n) Li=+1, 0=-2, and H=+1 (o) S=+6 and O

+ 6H0

(p) N=+4 and O=-2
(a) I in Nal is oxidized and Br; is reduced. Nal is the reducing agent and Br; is the oxidiz-

ing agent.

(b) Mgy is oxidized and Cu in CuCly is reduced. Mg is the reducing agent and CuCl, is
the oxidizing agent.

(c) Oy is reduced and C in CgH1,04 is oxidized. O is the oxidizing agent and CgH1204 is

the reducing agent.
(d) O is reduced and C in CHy is oxidized. O, is the oxidizing agent and CHi is the

reducing agent.
(e) Clin NaCl is oxidized and F; is reduced. NaClis the reducing agent and F; is the oxi-

dizing agent.
(F) H in H,0 is reduced and O in H0 is oxidized. H;0 works both as the reducing and
oxidizing agent.

(g) Cugy is oxidized and N in HNOs; is reduced. Cugy) is the reducing agent and HNO3 is

the oxidizing agent.
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6.25 Complete melting of ice requires a supply of heat according to the following chemical

6.26

6.27

reaction:
00 #6101 = H 00 M or 6.01 kJ

(a) How much heat needs to be supplied to completely melt 1.0 mol of ice?
(b) How much heat nec.ds to be supplied to completely melt 200.0 g of ice?
(c) If 3600.0 KJ of heat is supplied, how many grams of ice can be completely melted?

Comp}ete burning of glucose (blood sugar) in a laboratory releases heat according to the
following chemical reaction:
CH o sl 6COyy + 6H0p + 687 keal (2870 kJ)

(a) How much heat is released when 1.5 mol of glucose gets completely burned?
(b) How much heat is released when 250.0 g of glucose gets completely burned?
(c) In order to get 3900.0 keal of heat released how many grams of glucose need to be burned

completely? ’
(d) Out of the total available chemical energy of 687 keal in glucose, our cells produce only 263 keal

in the. form of ATP per mole of glucose. What is the efficiency of our cells in converting the
chemical energy stored in glucose to the form of ATP energy?

1500 ———= HOp -

Fill out each row in the table corresponding to each redox equation in the left.
oxidized | reduced | oxidizing agent

Redox reaction reducing agent
(a) Zn) + CuSOigq) > ZnS04Gq) + Cugy

(b) CeH1206(aq) + 6025 = 6COx + 6H,0g
(c) 2AgBr() — 2Ag() + Bryy

(d) Clz(g) + ZKI(aq) — 2KClq) + Iz(g)

(e) 2Li¢) + Bry — 2LiBry)
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(a) CH4+202~)C02+2H20+21 TIONS T0 PROBL
(b)) N2+ Oz + 43 |y = 2No 3 keal

The water that we Perspire ¢,

i i Vapﬁrat

on (i.e. chan; e P s fro, 3
rati (]i e ge from ]-lqllld i ™ our skip and
be supplied in order for this to 8aseoyg Water) jg

skin which cools yg down, UL In othe, W

420

621

€Vaporation requires heat, Evapo-
endothermic reaction; heat must

. s €vaporation absorbs heat from our
22 (a) the surroundmg temperatur

623 (@) Zn+Cl, —» ZnCl, bt (®) the Surrounding temperature decreases.
(b)IEcE R CuS O, = (ehijin FeSO,
(c) 2AgBr =5 2Ag + Br,
(d2Li + F; - 21

624 (a) 1.5 mol CH, x (802.4 kJ/1 mo] CH4) =1203.6 N

(b) 32.0 g CH, x (1 mo] CH4/16.04g CH,) x (802.4 KJ/1 mol CH,) = 1600.8 K]

X g CHy X (1 mol
g Ths X - 75.9212 CHWI6045.CHy a0z g KJ/1 mol CHy) = 3900.0 1

6.25 (a) The equation tells for one m

(9X g H20 x (601 /18,02 g 1,0) - 3500,
Thus X = 10794 g

6.26 (a) 1.5 mol glucose X (687 keal/1 mol glucose) = 1030.5 keal
(b) 250.0 g glucose x (1 mol 8lucose/180.18 g glucose) x (687 keal/1 mol glucose) = 953.2 keal

(¢) X g glucose X (1 mol glucose/180.18 g glucose) x (687 keal/1 mol glucose) = 3900.0 keal
Thus, X = 1022.9 g

(d) (263 keal/687 keal) x 100 = 38.3 %
6.27 (a) Zn, Cu, CuSOy, Zn

(b) C, Oz, O, CH1204

(c) Br, Ag, AgBr, AgBr

(d) I, Cl,, Cl,, KI

(e) Li, Bry, Bry, Li




image24.jpg
7.6

7.7

7.8

7.9

mical reaction

Answer the following questions r¢ 2HCI1
Hy + Ch i¢h 1 mol of Clz?

.1 op reaction Wi »
(2) How many moles of Hj are required for rc-\c;';(;: with 1.5 mol of Cjb
(b) How many moles of H are required for rc:lC‘.u" with 142 g of Clz->
() How many mls of H are requied foreacion Wl 0 g of Gt
(d) How many moles of H are equired f0r I 501 when 1 mol of F12 2t With 1 mgy
(¢) How many moles of HC! are predicted to be Pr® ; .
ofClap tuced hen 1 mol of Ha i eacted vigy
(0 How many moles of HC! arepredited ©0be ProduCe e o ich one isit?
0.5 mol of Cly? I there any limiting reagent in B8 €70 3 5 g of Hj reacts with 25 4 o
(&) How many meles of FCl are predicted t0 be Prodvc® F 0 i g
Cly 1s there any limiting reagent in this case? 1300 WER B0 o'/ 1, react with 35 g opy
(h) How many moles of HCl are predicted to be pwi{’:}f e i
Is there any limiting reagent in this case? If 50, Vl" ‘o £ the reactants must be supplied?
(i) Tn order to yield 2.5 mol of HCI, how many moles ©the reactant must be supplied?
(i) In order to yield 50.0 g of HCI, how many grams ©

Jated to the che

i tion
Answer the following questions related to the chemical reactio
3H, o Na = 2NH;

(a) What is the mole ratio of the reactants? Ei
(b) What is the mole ratio of the product NHj to the reactant NZ;
(c) What is the mole ratio of the product NH to the reactant N2?

Answer the following questions related to the chemical reaction
3H, + N - 2NHs

jired for reaction with 2.5 mol of Na?

(a) How many moles of H; are requi
o e ol of H?

(b) How many moles of N are required for reaction with 2.5 m
(c) How many grams of N, are required for reaction with 1.5 mol of Ha?

(d) How many grams of N} are required for reaction with 0.5 g of H?
(e) How many moles of NH; are predicted to be produced when 3 mol H, reacts with 1 mol N

() How many moles of NHj are predicted to be produced when 6 mol H reacts with 2 mol N;? Is

there any limiting reagent in this case? If so, which one is it?
(g) How many moles of NH; are predicted to be produced when 5 mol H; reacts with 2 mol Ny Is

there any limiting reagent in this case? If so, which one is it?
(h) How many moles of NHj are predicted to be produced when 2.5 g of H reacts with 14 gof Ny

Is there any limiting reagent in this case? If so, which one is it?
(i) How many moles of NH; are predicted to be produced when 1.5 g of Hj reacts with 28 g of Np?

Is there any limiting reagent in this case? If so, which one is it?
Answer the following questions related to the chemical reaction

4Fe + 30, — 2Fe;0;

(a) What is the mole ratio of the reactants?

(b) What is the mole ratio of the product Fe;O; to the reactant Fe?

(c) What s the mole ratio of the product Fe,Oj to the reactant 0e ?
2
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r the following question: on
10 Answer tl Ing questions related to the chemical reacti
ical reactis

4F
e + 30, - 2Fa0s

w m
Ef;)) T moles of ' ate required for reaction ith 2.5 mol of Oz
(c) How many grams e are required for reaction with 2.5 mol of Fe?
(d) How many grams of R are required for reaction with 1.5 mol of O?
(¢) How many moles 0”,:15“ required for reaction with 25.0 g of Fe?
(f) How many moles of Fo o are predicted to be produced when 8 mol Fe reacts with 6 mot O2?
Loy s D T e podicsl e T | Fe reacts with 2 mol 02
( How many moes g reagent in this a1 s, which one i 2
e iy e predicted to be produced when 56:
(h) How many moles ff ';ag:m in this case? If so, which one is it?
S 203 are predicted to be produced when 265
(©) How man mo{es }‘;\g reagent in this case? If so, which one is it?
A O e 6 bt AwHE 34,5 5 of Oz eactsuith 228 g of
¢ In e 'cl}::l ;“;“‘“sl reagent in this case? If so, which one is it?
(k) In order to % 1d 5‘25‘“0 of Fe;O3, how many moles of the reactants
N 0 g of Fe;O3, how many moles of the reactant must be sup]

7.

4 g Fe reacts with 2 mol O2?

g of O reacts with 124 & of

must be suppﬁed?
plied?

The formula for the mineral hematite is Fe;O3. Calculate the amount of iron, in kilograms,

7.11
in 225 kg of hematite.
742 A way of obtaining pure iron from hematite (Fe,0s) is by rencting FezO3 with carbon
monoxide:
Fey Ok Bl St GCO e ol O e it s CO2
(a) How many @ograms of CO are required for reaction with 225 kg of FeO3?
(b) How many kilograms of Fe are predicted to be produced when 225 kg of FepO3 reacts with CO?
(c) Would the amount calculated in Problem 7.12(b) be the same as the amount calculated in
Problem 7.11?
(d) Explain why these two results must be the same, at least in theory.
7.13 NaOH reacts with H,SO4 producing Na;SO4 and water.
(a) Establish the balanced chemical equation for this reaction.
(b) If20 g of NaOH reacts with an excess amount of H,8O4, how many grams of NapSO4 are
produced?
produce 50 g of NaySO4?

(c) How many grams of NaOH must be reacted with H,S04 in order to

714 Metal iron reacts with oxygen gas to form iron (I1T) oxide.

(a) Establish the balanced chemical equation for this reaction.
(b) If 1.5 mol Fe react with 4.5 mol O2, which one is the limiting reagent?

(c) If 6.0 mol Fe react with 4.0 mol 02, which one is the limiting reagent?
h 20.0 g O2, which one is the limiting reagent?

(d) If 15.0 g Fe react witl
7.15 How many moles of CO; is to be pmduced when 2.0 mol of each reactant is used in the

following reaction?

C7Hisp)

+ 1109 — 7CO *+ 8H,0(
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d when 2.0 mol of each reactant is useq ; oy
wi . ©

7.16 How many moles of Fe,Os is to be produce

following reaction?
5 2Fe2030)

4Fei) + 302(3)

7.17  Calcium reacts with nitrogen gas to produce et
ks CazNa()

what is the theoretical yield of Ca;N, i thig

um nitride.

3Cap Rt Nag)

(a) If 47.5 g Ca completely react with nitrogen as

reaction? e
(b) If 47.5 g Ca react with nitrogen gas and 25.3 g CasNz are P

reaction?

OH.
7.18  Ethene (C;Hy) gas and water react to form ethanol, C2Hs
C2H4(g) o HZO(I) - CZH5OH(1)

i limiting reagent?
(a) If 84.0 g of ethene and 36.0 g of water react, ne is the 1i g

. vious condition?
(b) How many grams of ethanol are expected to 1:llthel'I:)l;ieucf:d 56 g of ethanol, why :
(c) If the reaction of 84.0 g of ethene and 36.0 g of water actually P! » What i

the % yield of the reaction?

roduced, what is the % yield of the

which o
be produced

7.19  Metal aluminum reacts with oxygen gas to produce aluminum oxide.

4Aly + 309 — 2A1,05()

(2) If 54.0 g of aluminum and 32 g of oxygen gas react, which one is tl'.xe limiting reagent? i
(b) How many grams of aluminum oxide are expected to be produced in the previous condition?
(c) What is the percent yield for the reaction if the reaction of 54.0 g of aluminum and 32.0 g of

oxygen gas produces 42.0 g aluminum oxide?

7.20 Calculate the moles of the product indicated in parenthesis for each of the following rea.-
tions when 2.0 mol of each reactant is used.
(a)4Aly) + Oy — 2ALO;y (ALO3)
(b) 4NH3g + 5035 — 4NOy + 6H20(g) (H,0)
(c) C(,HuO(,(g) + 6055 — 6COyp + 6H20(g) (CO»)
(d) 2Fe;035) + 3C) — 3COyy + 4Fer (COp)
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N2
/| c) 148 A
78 (@) 75mol H, (b) 0.83 mol N2 t;) 4 mol NHs; thereis no

D23gN, (¢) 2 mol NHs Jimiting ]fjeﬂgl:“'g =1
- | H)); the limitin ntis H,
(8) 3.3 mol Nbty (procedures 5 ml Hax (2 mol N3 ™9 000 ) N1/3 mol Hi,

(h) 0.83 mol NH, (procedure: 2.5 g Hp x (1 mol /28
| NHy/3 mol Hy);

the limiting reagent is H, % (2 mo
9 0.5 mol NH (procedure: 1.5 g Hy x (1 mol Hy2 8112
the limiting reagent is H, () Fe203:02=2:3

79 (@)Fe:0;=4:3  (b)Fe;03:Fe=2:4=1:2 "

7.10 (a) 3.3 mol Fe (procedure: 2.5 mol Oz X (4 mol Fe/3 mol OFZ 5
(6) 1.9 mol O (procedure: 2.5 mol Fe x (3 mol Oz/4 mol Fe '« (55.85 g Fe/1 mol Fe))
() 1.7 g Fe (procedure: 1.5 mol Oy x (4 mol Fe/3 mol O2) (3 mol O2/4 mol Fe) x
(d)10.7 g O, (procedure: 25.0 g Fe (1 mol Fe/55.85 8 Fe) X

328 O5/1 mol Oy)
6 mol Oz %
(€) 4 mol Fe (procedure: 8 mol Fe x (2 mol Fe,0y/4 mol Fe) of

(2 mol Fe;03/3 mol O;)
w 2 mol Oz X
(£) 1.3 mol Fe;O3; (procedure: Oy is the limiting reagent. Thus, 2 M2 2
(2 mol Fe;03/3 mol O
'©203/3 mol 02)) agcm.ThlISvS‘"“gF”

(g) 0.5 mol Fe,Og; (procedure: Fe is the l.imiting1 ;‘e 5
1 mol Fe/55.85 g F 2 mol Fe;O3/4 mol Fe
e £z melFeros /32 02) = 0.83 mol O; 124 g Fe x

(h) 0.55 mol Fe;Os; (procedure: 26.5 g Oz x (1 mol 05/32 8 O:
(1 mol Fe/55.85 g Fe) = 2.22 mol Fe. Thus, Oy is the limiting reagent. "Thus, 0.83 mol

0 X (2 mol Fe;O3/3 O mol))
(i) 0.72 mol FesOs; (procedure: 34.5 g Oy x (1 mol 0/32 g O2) = 1.08 mol 0228 g Fe.
(1 mol Fe/55.85 g Fe) = 4.08 mol Fe. Thus, O, is the limiting reagent. Thus, 1.08 mol

0; X (2 mol Fe;03/3 O, mol))

(j) 5.0 mol Fe and 3.8 mol O, (procedure: 2.5 mol Fe;O3 x (4 mol Fe/2 mol Fe;Os3)
and 2.5 mol Fe;O;3 X (3 mol O»/2 mol Fe;O3))

(k) 6.6 mol Fe and 5.0 mol O; (procedure: 525.0 g Fe;03 x (1 mol Fe;03/159.7 g Fe;03)
3.3 mol Fe;O3. Thus, 3.3 mol Fe;03 x (4 mol Fe/2 mol Fe;O3) and 3.3 mol Fe; 05 x
(3 mol O,/2 mol Fe;03))

7.11 157 kg Fe (procedure: 225 kg Fe;O3 x (1000 g Fe;03/1 kg Fe;03) x (1 mol Fe, 03/
159.7 g Fe;03) X (2 mol Fe/1 mol Fe;O3) x (55.85 g Fe/1 mol Fe) x (1 kg Fe/1000 g Fe

712 (a) (118 kg CO (procedure: 225 kg Fe;O3 x (1000 g Fes04/1 kg Fe,03) x
1 mol Fe;03/159.7 g Fe;03) X (3 mol CO/1 mol Fe,03) x (28 CO/ 1 CO;
(1 kg CO/1000 g CO)) e S SOl Sl O

(b) 157 kg Fe (procedure: 225 kg Fe;03 x (1000 & Fe204/1 kg Fes03)
(1 mol Fe;03/159.7 g Fe;03) X (2 mol Fe/1 mol T 0 203
(1 kg Fe/1000 g Fe)) ©03) X (55.85 g Fe/1 mol Fe) x

(c) Yes
(d) The molar ratio of Fe;03 to Fe is the same as 1 to 2 in both cases
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7.5

7.16

717

7.18

719

(a) 2NaOH HzSOq SN SOLUTIONS T0 PROBLEMS 265

(b) 2500 & NaOH x (4 T Nm“]z:o
a 1 g /.

Nay 4/' mol Nazhou <355 4 gN“OH)x(h ;

(©) 508 NSO, x (¢ moly 0, 0 NazSO/2 mol NgO} Dx (142

NaOH/1 mo] NaOH) azsodlftz

=282, \/ 8 Na,50y
(@) 2Fe + 30, -, Fe,0, SN

0.
(b) The number of moleg of
O,
mol Fe % (3 mol 0,/ ol Fy? Corrcspcmdin
. = t .
mol. Thus O, is the eyeee) - 22 mol o The el Feis225 o o, (because 1.5
) e e e 8ent ang Feis the Jj BIVen number of mojes of O, is 4.5
Oles of Miting req t.
mol Fe X (3 mol 0,/ ek Fe)zforresponding 10.6.0 mo] F gen
mol Oz Thus O, g ¢, limiging o-0 Ml O, 0 Mol Feis 225 moj 0, [because 6,0

» a 15 € Biven number of moles of O, is only 4.0
(d) First of all, convert the given gent ang i3 the exces; el oles of O, is only
15.0 g Fe X (1 mo] Fe/55.85 m“g“ Of Fe ang ¢y

mol O. Now the number o 27 mo] Fe; 20,0

[because 0.27 mo] Fe X (3 m 2 Cotrespon iy, 10.0.27 mol Fe is 0.41 mol
number of moles ofoz.n,u:lo(zzlz = Ol 1 = 8 041 mo

4) X (2 mo) NaOH/1 mol Nay$0,) x (40 g

2 to the numbers of moles:

Since one mole of C/H, . orer. .. "e98ent and Fe is the limiting agent.

with 22 moles of O,. The iven § tWo moles of C;Hy¢ should react
limiting reagent. 2.0 m| Oglz X (;moum of Oy is only 2 moles, Thys, O; should be the

Since 4 moles of F 3 2) = 1.27 mol CO,,
e moumco'fe;“g W“{‘ 3 M0lcs 0y, 2 mojeg of e should react 1.5 moles of Oy,

© 81 7201 O; i more thay 1 5 moles. Thus O, is the excess reagent. 2.0
mol Fe X (2 mol Fey05/4 mo] Fe) =1, 3 8

» 1.19 mol Ca x (1 mol CagNy/

(a) 84.0 g C;H, x (1 mol CyHy/28 & CoHy) = 3.0 mol CyHy; 36 & Hy0 X (1 mol H,0/
18 g H,0) = 2.0 mol H,O; Thus the water is the limiting reagent.

(b) 2.0 mol H,0) x (1 mol CH;OH/1 mol H,0) x (46 & CHs0H/1 mol C,H;OH) =
92 g C,HsOH
() (56 g/92 g) x 100 = 60.87 %

H 0,) = 1 mol
1 mol A1/27 g Al) = 2.0 mol Al; 32 g0y x (l.mol 0y/32¢ 0O,
o 54}.10 L l))(e(r o?r(:mles of %)2 corresponding to 2,0 mol Al is 1.5 moles [chausc 2.0 mol
2[2‘ ’1;36 noluné) /4 mol Al) = 1.5 mol O,]. The given number of moles of O, is less than
X (3 mol O, s

f e i
this amount. Thus O is the limiting reagent. iean)
(b) 1.0 mol O, x (2 mol A,03/3 mol Op) x (102 g ALOy/1 mol ALOs) = 68 g ALO;

(c) (42 g ALOy/68 g A,O3) x 100 = 61.8%
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72, : i
0 (a) Accordmg to the equation 2.0 mol of Al should react 0.5 mol of Oz Thus, O3 is the

€Xcess reagent. 2.0 mol Al x (2 mol Al,O3/4 mol Al =10 mol Al20s 5
®) A ) . ; ¢ 2.5 mol of ;. Thus, O; is the
D). 'Ccordmg to the equation 2.0 mol of NH3 should rc:ac6 S
limiting reagent. 2.0 mol O, x (6 mol H;0/2.0 mol 02) = ¢ 12 ol of O3, Thus, Oy
(¢) According to the equation 2.0 mol of CsH1206 shidld fe;C(; mol CO2
the limiting reagent. 2.0 mol O; X (6 mol CO,/6 mol O
d react 3 mol of

C. Thus, C is the
(d) According to the equation 2.0 mol of Fe20s shoul 1 CO2
limiting reagent. 2.0 mol C x (3 mol CO/3 molC) =202




image18.jpg
180 CHAPTER EIGHT

d
Questions Jar covalent bon
and nonp® ffects b
81 Describe the difference berect P°l<';) Explain how el;ccroncgﬂ:"“:i: m;\;si:nd Polagy
82 (a) Whatis =lcr.troneg=“""}; < theory and valere shell electron P n (VSEPR)
83  Briefly explain how Lewis do \ecules.
:h:oryy e be used to predict the shape of m:;f
84  What is meant by the term inrma]:tulafrl/zmn“okmﬂu s
85 What are the three fundamental (/pes ¥ ) dipole-dipole foree: and (€) hydrogen boyg,
8.6  Briefly explain (a) London dispersion force, (b mis el %
: e
87  What are some of the common physicel PTOP
8.8  Whatis gas pressure?
8.9  How is pressure measured? o (B Howe they related?
sure?

810 (a) What are the common units of pres

811 Why does a gas fill its container?

812 What does Boyle’s law tell us about the ¢!
k s law i ical terms?

813 Express Boyle’s law in mathematic < ot tmperatuse on th volume of g

8.14 What does Charles’s law tell us about the effe
8.15 What is Charles’s law in mathematical terms?
8.16 What does Gay-Lussac’s law tell us about the effect of temperature on the pressure of 3 gy
8.17 What is Gay-Lussac’s law in mathematical terms?
8.18 What is the combined gas law?
8.19 State the combined gas law in mathematical terms.
820 What are some of the common physical properties of liquids?
8.21 Why does a liquid take the shape of its container?

8.22 How is the vapor pressure of a liquid related to its boiling point?

8.23  Explain why a liquid converts to a gas (vapor) when it is heated sufficiently.
‘; 8.24 Explain why a liquid converts to a solid when it is cooled sufficiently.

1825 What s surface tension?
‘What are the two categories of pure solids?

- explain é:e)m crystalline solids and (b) amorphous solids. (c) Describe how to distir-

b’;‘ physical propertisof sids i, and gass desribed in il 835
ﬁwmgmm:e, boiling point, and surface tension of a liquid is influenc!

ffect of pressure O the volume of a gas?
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CHAPTER EIGHT
redict whether the temperatyy
€ Will

sure, P
8.41 For a fixed amount of gas at constant P;i;e change it yolume.
increase, decrease, Of remain the same givel Final volume Final tem%
Initial temperature Initial volume 3 >
° 100 mL
(B 100 3500 mL ?
() 300K 35L e -
(0). 505 10y . . whether the temperatu
8.42 For a fixed amount of gas at constant volmlne, Pfedlc;w Zt,m . 12 re of the gas
will increase, decrease, Of remain the same given the change 10 P -
Initial pressure Initial temperature Final pressuf® ! g SHTE
(a) 700 torr 250°C 1 atm -
(b) 25atm 150°C 1.6 atm 4
(c) 600 torr 200K 0.790 8t
8.43 Tor a fixed amount of gas at constant volume, predict \yhether the pressure of the gas will
increase, decrease, or remain the same given the change 10 temperature.
Initial pressure Initial temperature Final pressure Final temperature
(a) 500 torr 150°C 2 423 K
(b) 0.5atm 450 K e 250K
P 237 C

(c) 400 torr 250 K
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[nitial Pressure

At constant T and constant is i i
and as P decreases, V incregees.” © 1 inversely proportional to P; s P increases, V' decreass;

(a) 700 torr :’:0"'1 Volume Final Volume Final Pressure
mL
1T decreases
b) 2.5 atm d
fc) 600 torr o 16L increases
250 mL. 250 mL. no change

39 At constant T and constant m;
827 nd as P decreases, V increases,

Initial Pressure

ass,

Initial Volume Final Volume Final Pressure
(a) 800 torr 200 mL, increases b
(b) 1.5 atm 15T decreases 2 atm
(c) 380 torr 500 mI, no change 0.5 atm
40 At constant P and constant mags, v/ ; g 3 in); i >
2 T increases; and as V. decmascs.'srge:::cpzzfsomonal toT (in Kelvin); as V increases,
Initial Temperature Initial Volume Final Volume Final Temperature
@570K 150 mL increases 2005
(b) 150° C (423K) 25L increases 2GR X
(©)80°C (353 K) 100 mL no change SESK

g41 At constant P and constant mass, V is proportional to T (in Kelvin); as V increases,
T increases; and as V decreases, T decreases.

Initial Temperature Initial Volume Final Volume Final Temperature
(a) 100°C (373K) 100 mL (0.100L) ik increases

(b)300 K 35L 3500 mL (3.500L)  No change

(c) 50°C (323 K) 150 mL 250 mL increases

842 At constant V and constant mass, P is proportional to T (in Kelvin); as P increases,

T increases; and as P decreases, T decreases.

Final Pressure Final Temperature
1 atm (760 torr) increases
1.6 atm decreases

0.790 atm (600 torr)  no change
| to T (in Kelvin); as P increases,

23°C (296K)
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Classify the following bonds as nonpolar covalent or polar covalent
(a) C—Br (b) CI—C1 () H—=O (d) I—F 3

Water (H20) has a higher boiling point than hydrogen sulfide (H,S). Explain this differ-

(e)1—1

8.32 ¢ &
ence in terms of intermolecular forces.
g33 Which ofdthc following substances only have London dispersion intermolecular forces? (In
other words, do not have dipole-dipole interactions or hydrogen bonds.)
(a) CHa (b) NH; (c) CH3Br (d) Cly () NO,
g34 Which of the following molecules can form hydrogen bonds to a molecule exactly like itself?
(a) CH;OH (b) HF (c) NBry (d) NH; (e) HBr
835 Which of the following molecules can form hydrogen bonds with water molecules?
‘ (a) CH;CH3 (b) CH;CH,OH () HF (d) Bry (e) NH3
836 List all the types of intermolecular forces that can exist within each of the following
substances.
(a) CH;CH3 (b) Cl, (c) CHy4 d) F2 (e) NO2
37 Convert the following pressures.
(a) 700 torr to atm
(b) 800 mmHg to atm
(c) 40 cm Hg to mm Hg
(d) 90 cm Hg to atm
838 Fora fixed amount of gas at constant temperature, predict whether the pressure of the gas
will increase, decrease, or remain the same given the change in volume.
Initial pressure Initial volume Final volume __ Final pressure
(a) 700 torr 150 mL 1L B
(b) 2.5atm 45L 16L ?
(c) 600 torr 250 mL 250 mL 2
839 For a fixed amount of gas at constant temperature, predict whether the volume of the gas
will increase, decrease, or remain the same given the change in pressure.
Initial pressure Initial volume Final volume __ Final pressure
(a) 800 torr 200 mL 2 500 torr
‘} (b) 1.5atm 15L ? 2 atm
| (c) 380 torr 500 mL ? 0.5 atm

8.40 For a fixed amount

of gas at constant pressure, predict whether the volume of the gas will
the same given the change in temperature.

decrease, or remain
tial temperatus Initial volume _ Final volume _Final temperature
150 mL 2 600 K
D5 P 200°C
? 353 K

100 mL, ?
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Chapter 8
and from the bottom

SOLUTIONS

8.30

8.31

8.32

8.33
8.34
8.35

8.36

8.37

0SS 4 penod

1emonegati"if}’ and oxygen has the highest:

Electronegativity increases from left to right ac
to the top in a group. Beryllium has the lowest €

Beryllium, Boron, Carbon, Nitrogen, Oxygen
oms of different electro!

ar; I-1 nonpolar
n(ermolecular attractive forces. The

he melting and boiling point of a
molecules where as 2 sample

negativity:

‘med between at
H-O polar; 1-F pol

Polar covalent bonds are for!
C-Br polar; CI-Cl nonpolar;

Melting and boiling points depend on the streng.fh of i
stronger the intermolecular attractive force the higher t

substance. A sample of H2O has hydrogen bonds between its

of H,S has weaker dipole-dipole attractions. ) ’ wve f
H-Bonding is stronger intermolecular attractive force than dipole-dipole attractive force.

(a) CH4 and d) Cl,
(a) CH;0H (b) HF (d) NHs
(b) CH;CH,0H (o) HF (e) NHj
ater because each molecule has either an

These molecules can form hydrogen bonds with w:
oxygen atom, a nitrogen atom, of fluorine atom.

Types of intermolecular forces

(a) CH3CHj London dispersion force
(b) HCI London dispersion forces and dipole-dipole interactions

(c) CH4 London dispersion forces

(d) F; London dispersion forces
(e) NO; London dispersion forces and dipole-dipole interactions

Conversion from atm to torr or torr to atm

mm Hg = torr
Torr = atm X 760 torr/atm
Atm = torr X 1 atm/torr

(a) 700 torr = 0.921 atm (b) 800 mm Hg = 1.05 atm
(c) 40 cm Hg = 400 mm Hg  (d) 90 em Hg = 900 mm Hg
=900 torr = 1.18 atm
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questions

9.1
9.2
9.3
94
9.5
9.6
97
9.8
9.9
9.10
9.11
9.12
9.13
9.14
9.15
9.16

917
What is parts per million?

‘What is a mixture?
Describe the difference between homogeneous and heterogeneous mixtures,

Explain why coffee is a homogeneous mixture.
Explain why a rock is a heterogeneous mixture.

‘What is a solution?

Describe the difference between a solvent and a solute.

What are the common types of solutions?

What are the common properties of solutions?

What is solubility?

Describe briefly the factors affecting solubility.

Explain briefly the following terms: saturated, unsaturated, and supersaturated solutions.
Explain the rule “like dissolves like.”

What is meant by the concentration of a solution?

What are the three most important types of concentration units?

What is percent concentration?
For what types of solutions are concentrations commonly expressed as percent by mass-
mass, percent by mass-volume, and percent by volume-volume? Why?

What is molarity?

between electrolyte and nonelectrolyte solutions?
of a colligative property?

(d) pizza (e) salad

(@) piza (¢ salad
-
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946

947

9.48
9.49
9.50

9.51

9.52

A 10-kg sample of drinking water contains 10 mg of lead. What is the concentration of

lead in the water in ppm?

The EPA has determined that the maximum safe level of lead jon in water is 15 ppb.

SOLUTIONS 2

Assume that a sample of tap water was determined to have a lead ion concentrati
. . xtios
0.0090 ppm. What is the concentration of lead ion in the tap water in units of ppb? "

What is the molarity of a solution prepared by adding 2.0 L of water to 1.0 L. of a 6,0 M.

NaCl?

What volume of a 1.50 M solution of KOH would be needed to prepare 250 mL of a

0.450 M solution?

Suppose we have a solution of 50% (w/v) sodium chloride, NaCl. How would you prepare
500 mL of a 10% (w/v) solution of NaCl using the concentrated solution?

What happens to each of the following properties of a liquid when a solute is dissolved in
the liquid to make a solution?

(a) vapor pressure

(b) boiling point

(c) freezing point

What happens to each of the following properties of a solution when the concentration of
the solution is decreased by adding more solvent?

(a) boiling point

(b) freezing point

(c) osmotic pressure
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Chapter 9

SOLUTIONS .
924 Identify which of the following &7 homogeneous XTI
(b) salt water
9.25 Identify which of the following ar¢ heterogeneous mixtures:
(8) rock (@) blood (d) pizza &) i
9.26 Identify the solvent and the solute(s) in each of the following solutions.
Solvent Solute
(a) carbonated water water COx(g2)
(b) cola water cugar, COg) and o substances (caffeine, flavors.etc)
(c) salt water water salt
(d) air nitrogen oxygen and trace other gases
(c) steel iron carbon
9.27 180 gin 100 g of water.
9.28 (a) Supersaturated
(b) Unsaturated
(c) Saturated
9.29 A substance will be soluble in water if it is polar because water is polar.

(c) potassium nitrate, KNO3
(d) ethanol, CH;CH,0H
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9.39

9.41

9.42

9.43

9.44

Ladab Al dabti oo

0.5molNaCl

15L =03MNacCl

0.60moINaOH

250L - 24MNaoH

is probl :
:?1;::: 5 J:L_ﬁm convert the g of NaCl to mol of NaCl and assume the density of the

30sNaCl__
8.45g/mol = O-SImolNaCl 0.51molNaCl —3.4MNaCl
150g X 1mL/ g x 1L/1000mL.

Molarity X V = mole of solute
molHCl 1L

2.0 7 XZSOmLXm: 0.50molHCI
mole/Molarity = L of solution
1L

050matrict ™ O-2SmOHCI =050 = 5001,

First calculate the number of moles of the solute, Then dividing by L of solution would
give you the molarity. (1L = 1000mL)
1molKNO,

35gRNO, e lMNO;
A X oL 1gxNo,

=0.35molKNO,

0.35mol  1000mL mol
X =0.6922 =
300, 1 0. KNo, 0.69MKNO,

Number of moles of NaCl = 0.25mol/L x .200 L = 0.050 mol NaCl 0.050 molNaCl

% 58.45gNaCl/mol = 2.9 g NaCl
Dissolve 2.9 g NaCl in sufficient water to make 200mL of solution.
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9.29

9.30

9.31
9.32
9.33
9.34
935

T
ldmdlydu.dumudlb"d""‘m(:'; e ) ¢
(b) cols (cquzoll) inwaterat 0°C.
solutions is saturated, $

() carbonated water
ity of suB™* :
dx.oluh‘lty

rated, or supersa’ .

2 S0gofKBrin 100 g of water 3t 207

b. 40gof KBrin 1008 o

c w;du,mlm;dmn

Which of the &;Ilowin;-ohtum.olublﬁnw‘_tﬂ?ca

(a) vegetable oil () 'm;!;onm‘chbﬂd‘l 5

(@ cohamol, CHCH,OH (@) odine;5 ...
solubil °C is 015 100 g of TR n is prepared

ET‘}:': 0.8 Ed’gn(oéi'%‘z(?n};)zl&; :;owfl: at wgcﬁs this solution unsaturated, saturated o

supersaturated? . .

ChM.ngeflOOgofwumthnsd\e maximum amouns

The solubility of KCl at 20°
ofKClthnwilldhsolveinﬁgmngO’C?
00 g of water at

The solubili is 0.18 1

amount of C!z(g}i():;(d?axﬂ)’wd‘l’ dxmlfep:zw g of water at 10" C'?

Calculate the percent by mass of sodium chloride, NaCl, solutio

NaCl and 80 g of water.

Calculate the percent by volume of @ solution made by dissolving 150 mL of ethanol,

C,H 0, in 400 mL of solution?

1£ 15.0 g of potassium iodide, KI,

vhat is the (w/y) percent of KI?

mass of KOH is dissolved in 250 g
e molarity of a solution if 1.0 mole of KO

solution that was made by dissolving 0.5 mole of NaClin

(c) potassium nitrate, KNO,

10°C. What is the maximum

n that contains 20.0 g of

hdiuolvedinenuughwntcrtomak: 200 mL of solu-

of solution that is 10% KOH by mass?
H is dissolved in enough water to give

solution? Assume that the density of

of 2.0 M HCl solution?
olution in mL contains 0.25 mole

dissolving 35 g of KNO3 it
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HCO; + H;0t - H,CO;3 + H,0 and

H’CO”OH’—*HCOstzo
[CE PROBLEM 10.10

nium hydroxide (NH,OH), i : }
en dissolved in water? If so, \:l::/;ﬂ buse, and ammonium chlendel(NERE AR

escribe the difference between reversible and irreversible reactions.

it is dynamic equilibrium?
at are acids and bases?

it some common properties of acids. M L

List some common properties of bases.

some common household products that are acids.

some common household products that are bases.

Vhat is a monoprotic acid?
at is a diprotic acid?

at is a polyprotic acid? , )
in why the product of the H;30* ion concentration and the OH™ ion concentration

1.0 x 10714 for aqueous solutions.
atis pH?
is a pOH?
lain why the pH scale typically
is a buffer?

ranges from pH 0 to pH 14,

he following reactions.

H, () +F2 () =
2;11(5)+01Lg) -
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4 ACIDS AND BASES
Vhat is the pH 5;,q

ich solution a5 acidic, basi:( Solutiong having ¢ -
) [OH] = 1.0 x 103 (:; Neutry g the following OH- concentrations? Identi

[On .

Vhat is the pH and pO o 1—1.0xx07M
ach solution as acidic, byg;
J[OH] = 7.0 x 104 )y

(c) [OH] = 6.0 x 1010 M

0 neutyyy "8 the following OH- concentrations? Identify
®ony N

Solutiop

tis the pH ang
or neutral, EOH

)0.0010 M KOH

of the (<) [OH] = 6.0x 101 M
€ follo; !
Wing solutionsy Identify each solution as acidic,

() 0.0050 1 NaOH
omplete the following table, © 00T Me I~
o [0k
1x10% pH pOH Acidic or basic?
1x 1010
1x10-12 3
mplete the following table,
[H;04] 4
[OH] pH pOH Acidic axbasic?
1x10%
11
1x102
3
1x105
srmine the pH and pOH of a 0.0050 M HCI solution. What is the relationship
een the pH and pOH values?

ermine the pH and pOH of 2 0.050 M NaOH solution,

ine the H3O* concentration for solutions with the following pH values. Identify
olution as acidic, basic, or neutral.

H = 6.00 (b) pH = 13.00 (c) pH = 6.90

mmine the H;O* concentration for solutions with the following pH values. Identify
solution as acidic, basic, or neutral. B
0ld ammonia, pH = 11.00 (b) blood, pH = 7.40 (¢) lime juice, pH = 1,90

chemical equations to represent neutralization reactions between the following acids
5
Oy and Ca(OH); (b) HCI and NH;OH

Gefic acid (HC;H;0y), a weak ;fid, e
hen dissolve in water? If so, why?

odium acetate (NayCH305) behave as a

227
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ma
10,22 Identify all Bronsted acids, bases, and conjugate acid-base pairs in the reactions represente|
by the following equations.

() HCN(g+ H0( === Hi0%q) + CN'ag

(b) NHy(aq) + HaCOs) === NHi*(ig + HCO3 )

(c) HSO4 g + HaO == HiOug + SO ug)

10.23 Give the names of the following acids.
@HI () iSOy (9 HCIO @HCN i
10.24 Which is a stronger acid—formic acid, with At Ke/GEIERENRCE acetylsalicylic acid
(aspirin), with a K, of 3.0 x 10~
10.25 Identify the first reactant in each equation as an acid or a base.
(@) HF(g+Hy0 —— Hi0%q)+Fa
(6) SO uq + HyOy —= HSO ) + OH o)

(c) CsHsOH (g + NaOH g ~—= Hz00 + CsHsO g +Na‘ag

10.26 Identify the first reactant in each equation as an acid or a base.

(2) CHyNHy'(g +Hy0 ——= H;O'Gq + CHiNHeg
(b) HCNqg +HaO <= CNu + HiO'g

(©) NaOHin)+ CH;COsHq) ~— HiOtw + CH5COz () + N&'ee)

owing acids or bases react with water, HCI, and

10.27 Write an equation to show how the foll
HCIOj4 react as acids and CH3CHO;" reacts as a base.

(a) HCIp (b) HCIO4q) (c) CH3COz (a9

10.28 Each of the following describe conditions that exist in an aqueous solution. Indicate

whether these solutions are acidic, basic, or neutral.
(a) [Hs0*] < [OH] (b) [H;0*] = .0 10° M

Each of the following describe conditions that
whether these solutions are acidic, basic, or neutral.
(a) [OH] =1.0x 102 M (b) [H30*] = .0x 10¥ M (c) [H;0%] > [OH"]

ion concentration from the OH" ion concentration. Then indicate

whether the solutions with these concentrations are acidic, basic, or neutral.
(a) [OH] = 1.0 102 M (b) [OH]=1.0x 102 M () [OH]=25x10*M

10.31 Calculate the OH” ion concentration from H3O* ion concentration. Then indicate
whether the solutions with these concentrations are acidic, basic, or neutral.
(@ [H;01]=10x102M () [H;0 =10 10°M (0) [HsO*] = 6.4 x 10710 M

() [OH]=1.0x 102 M

10.29 exist in an aqueous solution. Indicate

10,30 Calculate the H;O*

10.32 What is the pH of solutions having the following H3O* concentrations? Identify each

solution as acidic, basic, or neutral.
(@) [H;0°] = 10x10*M () [H;01] = 10x102M (0) [H:0%] = 6.4x 107 M

10.33 What is the pH of solutions having the following H3O* concentration? Tdentify each solu-

tion as acidic, ba
(@) [H501] = 1.0 10 M

sic, or neutral.
(b) [H30%] = 1.0x 104 M (¢) [H;0*] =3.8x 10 M
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538

530

5.40

541

SOLUTIONS TO PROBLEMS
(a) ;gg g Egsgs)zS X [6 mo] Cri1q,
(b) 25.0 g (C3Hj),g [6 mo} C/114'_2:3; 8(CsHy),5) s,

=7.91x10% C atop, g(C
(0) 6-02X10%(Cy 1, q 281 (6.02x1093 atoms/1 mol C)

i C) o 5 olecyleg X [6 moj C/6.00%
((S)) 2255.'8 ¢ ((CC;FI;));S 2 [[11 S 43 B(CsH)51 - .5
mol §/114 53 =9.22 mol §
R S e R
22X 110 mo] H/ﬂ:.zs g(chZ)§SJ ;%il.gf;oﬁ mol H) =2.21 g H
23 g(C3H5)2S] % (6.02 x 1023 H atoms/1 mol H) =

@ (12018 13) 4 (1 g1 10
(b) 0.5 g ibuprofen x (6.02><102§ 3
molecules of ibuprofen

(c) 200.0 g ibuprofe X 5
7 5%1024 g atofns X (13 mol C/207.31 & ibuprofen) x (6.02x10%3 C atoms/1 mol C) =

(d) 0.5 g ibuprofen x (2 mol 0/207.31 8 ibuprofen) x (6,02x1023 O atoms/1 mol O) =

(1600 2) - 297,31
molecules of ibuprofen/207,31 g ibuprofen) = 1.45x102!

Na/ 1 mol Na) = 229.9 gNa
(d) 10.0 g monosodium glutamate x (1 mol Na/1 mol monosodium glutamate) x

(6.02x1023 Na atoms/1 mol Na) = 6.02x10% Na atoms

(2) 200 mg C x (103 g C/1 mgC)=02¢gC
(b) since there are 0.1 g C in a half-carat diamond, 0.1 g C x (1 mol C/12.0 g C) = 0.008

mol C
(c) 0.1 g C x (6.02x10% C atoms/12.01 g C) = 5.0x102! C atoms
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UT:
TONs 19 PROBLEMS

5.22
5.23
524
525
5.26
527
528
529

5.30

5.31

5.32

5.33

.36

87

(@ 0.919.
19194 ¢
() 0.41 mo) E:; 184635 (009718 (42118
@059 mol () 036mol  ()0.71mol  (d)0.28mo!
@0.0545 (b) 0.03mol  ()0.56mol  (4)0.13 mol
@017 )0.032g  (008g (00628
0206 g ()0032g  (90092g (0198
2.6 % 1022 molecules
(a) 56.7:
G milg é};;ﬂtcdm: 120.5 g ALO3 x (1 mol ALOy/10
icts mol ALO3) x (16.00 g O/1 mol O)
A n-m? é;pmccdm’e: 120.5 g H;0 x (1 mol H,0/18.02 ¢ H0) %
( 1 mol H,0) x (16.00 g O/1 mol O)
) 64.20 g (procedure: 120.5 g CgH1Og x (1 mol CyH10y/180.18 8 Cel1200)
(6 mol O/1 mol CgH1,04)  (16.00 g O/1 mol O)
(d) 87.62 g (procedure: 120.5 g CO, x (1 mol COy/44.018 €O %
(2 mol O/1 mol CO,) % (16.00 g O/1 mol 0)
(a) ?2881.813 g ép(l;;ccdurc: 120.5 g C x (1 mol C/12.0
.01 g CO/1 mol CO)
(b) 231.17 g (procedure: 1205 g C x (1 mol /12,01 g C) % (1 mol CoH
(46.08 g C;H,0/1 mol C;Hs0)
(8) 50.0 g Na x (1 mol Na/22.99 g Na) = 2.17 mol Na
(b) 50.0 g Ne x (1 mol Ne/20.18 g Ne) = 2:48 ol Ne
(9)50.0 g K x (1 mol K/39.10 g K) = 1.28 mol K
(d)50.0g Alx (1 mol AV26.98g AD) = 1.85 mol Al

(a) 0.25 mol Nax (22.99 g Na/1 mol

(b) 0.25 mol Clp x (70.90 g ClL/1 mol Cl) =17.73 & Cl

(c) 0.25 mol H,0 % (18.02 g H,0/1 mol H,0) = 4.51g 20
(d) 0.25 mol K»804 % (174.27 g K2SO#/1 mol K2S04) =43.57 8 K804

(2) 0.5 mol ammonia x (17.03 g/1 mol ammonia) = 8.52 ¢
(b) 0.5 mol sucrose X (342.0 g/1 mol sucrose) =171 g

(c) 0.5 mol water X (18.0 g/1 mol water) =9.0 g

(d) 0.5 mol benzene X (78 g/1 mol benzene) =8.51g

0.30 mol CO, x (44.01g COy/1 mol CO2) = 132 CO,

(@) 43.0g gold x (1 mol gold/197.0 gold) = 022 mol gold
(b) 43.0 g gold x (1 mol gold/197.0g gold) x (6.02x10% gold atoms/1 mol gold) =

1.31x102 gold atoms
()86 Cx (1mol C/12gC) = 7.17 mol C
(b) 0.35 mol CH x (1 mol C/1 mol CH,) = 0.35 mol C

1 mol CoHsOH 2 mol C

IO HOHN A X o

(€) 868 Ca HsOHX 2 0 i OH T mol C;H;OH STSole

(@) 50.0 g N x (6:02x10% N atoms/14.01 g N) = 2.15x102* N atoms
(b) 3.0 mol Ny (2 mol N/1 mol No) x (6.02x10% N atoms/1 mol N) = 3.61x10% N ator
(c) 48.0 g NO» x (1 mol NO/46.01 g NO) X (6.02x10% N atoms/1 mol NO2) =

6.28x10% N atoms

1.96 g ALO3) X

1) x (1 mol CO/L mol O)x

40/2 mol C) x

e L R R
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5.29 How many grams of oxygen are present in the following samples?
(b) 1205 g of water (H;0)

(2) 120.5 g of aluminum oxide (AL,O3) et
(€) 1205 g of glucose (CsH100) (d)120.5 g of carbon dioxide (CO;)

530 Answer the following questions:
(a) How many grams of carbon monoxide (CO) contains 120.5 g of carbon?

(b) How many grams of ethanol (C;H¢O) contains 120.5 g of carbon?
are in 50.0 g sample of each of the following clements?

531 How many moles
@)Na () Ne ©K @ AL
532 How many grams are in 0.25 mol of each of the following?
(a) Na (b) Cly () H0 (d) K280,

533 How many grams are in 0.5 mol sample of each of the following compounds?
(a) ammonia (NH3) (molar mass is 17.03 3l
(b) sucrose (C12Hz,011) (molar mass is 342.0 8
(c) water (H;0) (molar mass is 18.0 g)
(d) benzene (CgHs) (molar mass is 78.0 g)
534 Tna bottle of soda, there is 0.30 mol CO;. How many grams of CO; are there in the borg,
535 A pure gold nugget weighs 43.0 g.
(2) How many moles of gold are there in the nugget>
(b) How many atoms of gold are there in the nugget?

How many moles of C are there in each of the following samples?

5.36
@)86gC (b) 0.35 mol of methane gas (CH.) (c) 86 g of cthanol (C;HsOH)

How many atoms of N are there in cach of the following samples?

537
@)3500gN (b) 3.0 mol of nitrogen gas (N)

() 48.0 g of NO,

5.38 Allyl sulfide (C3Hs),S is the compound that gives garlic its stench odor. (the mo

mass of allyl sulfide is 114.23 g)

(8) How many moles of carbon are in 25.0 g of (C5Hs),$?

(b) How many carbon atoms are in 25.0 g of (C5Hs),S?

(c) How many grams of carbon are in 6.02x1020 molecules of (C3Hs),S?
(d) How many moles of sulfur are in 25.0 g of (C3Hs),S?

(¢) How many grams of sulfur are in 25.0 g of (C3Hs),S?

() How many moles of hydrogen are in 25.0 g of (C;Hs), S

(g) How many grams of hydrogen are in 25.0 g of (CyHs),S?

(h) How many hydrogen atoms are in 25.0 g of (CyHy), 5

.39 Ibuprofen, the main ingredient in Advil, has the formula Cy3H150.
(2) What is the molar mass of ibuprofen? B
() How many molecules of buprofen are in 0.5 g of ibuprofen?
() How many carbon atoms are in 200.0 g of buprofens
(d) How many oxygen atoms ae in 0.5 g of buprofen
(€) How many moles of hydrogen are n 0.5 g of iuprofen?
(0 How many grams of hydrogen e in 0.5 g of ibuprofens
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chapter 5

SOLUTIONS

56 @ 1molofhyg,
(9) 2.5 mol Hey xg(‘:oz ) 602, 10,
(d) 2.5 mol HC 5 (o 02X108 1y 101y

817

58

59
5.10

511
512
5.13

5.14
5.15
5.16
5517
5.18
5.19
5.20
521

(6.0, C1y
L51x104 Cl agopy, 02108 Hep oy Heo ™ LSx1o oy
(@) 6.02x10% €

X (6.02x1 0%
molecy], Clatoms/6.02x10% HCI) =
() 2.5 mol aspirip s & F Blucose
molecules 02102 g dh
o
(@2 ol oy 0Ule8/1.0 mol aypiriny m 15150102 aspirin

(b) 1
(9) 10 mol H,0 x (g, =204 x 1024
(d) 1.0 mol H,0 x ((2?::1(]}3? o smm;'ly ?"’:E #1oms (i., 2% 6,02 x 102 hydrogen atoms)

0) = 6,02 x 1020
©)25 mOLH2O x 3 op 1 ™S HO) w1 Fo) S
©25mol O x (5 ) ;Vli gl 11:1{20) I ek 20

6.02 % 105 atoms O)X (g /1 mol ) - 5 g 11
(@) 4mol of oxygen (15
(3.5 mol EL SO, x (4 o2 (X 0 et 0 )

4
(@ 3.5 mol H,SO, x (4 moy o/ M0l HSO,)

mol O/1 mf
L
R (0)28.09¢ ©1401g (@35.45g
(a) 105.96 amu (b) 39.99 amu (c) 310.10 amu (d) 94.19 amu
(e) 116.17 amu (£) 40.31 amu (2) 44.01 amu (h) 98.09 amu
(2) 105.96 g (6)3999¢ (31010 @)9419¢g
(a) 34.00 amu (b) 17.04 amu (©4410amu  (d) 60.04 amu
(2)34.00 g (b)17.04g (©44.10g (d) 60.04¢
2698 g
58.45g
174g
180 at 02g=00113
(@) fzsxmzv 0 atoms x((zlzégg 5:322:1132 g :::::)) “23000° o005

2 atom: =1.62x102 g =0.0162 g

c)4.25)<110an : 22.99 g/6A02><107—" O atoms) = 1 oAl

(d) 4’25 10200 Au nttomss):(((l‘” 0 g/6.02x1! iigh O:ttoms)):il.st)xm g=0.139
4 02 7. 0% O atoms) = 1.

E )) .25:((1 0 Pb atoms ¥ (207.2 g/6.02x1

e) 4. g

46x101 g=0.146 g
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PRACTICE PROBLEM 5:17 g gofesto gy
Ifa methane gas sample (CHY) contaif
sample?
Questions
51 Whatisamole? i
52 Whatis formula weight” s and ol mass?
53  Whatis the difference between atom - weight an molar mass
54 Whatisthe difernce berve?? o ht and molecular weight?
5.5 Whatis the difference betweet formula Weig!

M

5.6

5.7

5.8

510
5.10

5

Answer the following questions: :

(a) How many moles of hydrogen a¢ .;, 01.0 n;:lo Lf’glc%
in 1.0 mo! e

(9 o many by e in 25 ol of HCP

H Jecules of HClaze in
(0) How many molecules o wan

(d) How many chlorine atoms are in

How many molecules are there in
(@) 1 mol of glucose (CsH1200) (5) 2.5 mol of aspirin (CoHsO4)

Answer the following questions:
(&) How many mols of hyctogen ae in 10 mol of FLO?
{8) How many hydrogen atoms ac in 10 mol of H0?
(© How miny oxygen atoms ac n 10 mol of F,0?

() How many grams o hydrogen are n 1.0 mol of ;07
() How many moles of hydrogen ar in 2 mol of H,00
(6 How many grams of hydrogenare in 25 mol of H;O?

How many atoms are in 1 mole iron (Fe)?

Answer the following questions:

(a) How many moles of o i mol of 0.
les of oxygen are in 1.0 mol of H,S|
(b) How many oxygen atoms are in 1.0 mol of H;SZO 34?
42

(c) How many moles of 5
oxygen
(d) How many grams of ow“:i‘;z—ssmol of H,80,2

, mol of H,80,3
Wi 5 580,
(a)lli\/alt is the atomic mass of each of the follow;
g [OF] m’:‘;\g elementsp
9N
@ct

*__
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THE MOLE CONCEPT AND BASIC CHEMICAL CALCU

Monosodium glutamate, fayor enhancer, has the formula CsHgNNaOs.
() What is the molar magg of monosodium
glutamate? o
) Ifyou add 10.0 g of monosones glutamate to the pan in which pasta i being cooked, how

A one-carat diamond contains 200 mg of carbon,

(a) How many grams of carbon are in a one-carat diamond?
(b) How many moles of carbon are in a half-carat diamond?
(c) How many carbon atoms are in a half-carat diamond?
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512 Whatis the mo

(@ Mg A ’““S(bﬂ €ach of the following elements?
= ments
513 What's the formula yye; ; L e
@Naco, a We(lhgh: of each of the following compounds?
N X
©) (NH),S0, R ©curon, @KO
®) 2 (h) HyS04

514 What r feach of
% is the molar mass of each of the compounds?
@) Na;CO, () NaoH () Cas(PO): @Ky
Na;CO; 2 W

5.15 Whatis th
e e molecular v«;eighr of each of the following compounds?
Like (9 CoHy @ CHO,

516 Whatis the
Pt ‘molecular ::ass of each of the following molecular compounds?
A (¢) CyHy (d) C;H,O;

517 The atomic
mass of aluminum is 26.98 amu. What is the molar mass of aluminum?

5.18  The formula wei
2 eigh i -
SeemTn of sodium chloride (NaCl) is 58.45 amu. What is the molar mass of

519 The formula we
; cight of potassi -
potsium o wigh of poassium sulfate (KoS0.) is 174 am, What s the molar s of
520 The molecular wej
B s e CROE
Y grams are 4.25x10% atoms of each of the following elements?

(@)
7B (b) sulfur (¢) sodium (@) gold (€) lead

522 Whati i
% z;l:\sod:‘e rsnss in grams of 3.25 102 molecules of each of the following compounds?
b (m; é )lzln) gmohr massis 17.03g)  (b) sucrose (C1oH;01) (molar mass is 342.0 g)
;0) (molar mass is 18.0 g) (d) benzene (CgH) (molar mass is 78.0 g)

5.23  How many moles are present in 10.0 g sample of each of the following elements?
(a) Mg (®)Si ©N @ct

How many moles are present in 10.0 g sample of each of the following compounds?

(a) ammonia (NH3) (molar mass is 17.03 g) (b) sucrose (C1H2On) (molar mass is 342.0 g)
(c) water (Hz0) (molar mass is 18.0 g) (d) benzene (CgH) (molar mass is 78.0 g)

What is the mass in grams of 0.002 mol of each of the following elements?

(@) Al ®O ©Ca @r
526 What is the mass in grams of 0.002 ‘mol of each of the following compounds?
(a) sodium chloride (NaCl) (b) methane (CHy)  (¢) ethanol (CoH(O) (d) sulfuric acid (H,S04)
fen (C13H1502). Suppose one tablet of Advil con-
grams of ibuprofen are in one tablet?
about 2 g of ethanol (CoH0). When you

ethanol have entered your body?

524

525

The pain reliever Advil contains ibupro
¢ains 0.001 mol of ibuprofen; how many

5.8 Suppose you have a bo
finish drinking the beer, h

527,

tele of beer that contins
ow many molecules of
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434 Predict which of the follovir® comPoL ge, HC!
34 Predict which o d .
(@) sodium chloride, NaCh & ydrof e, CO2 2 lower melting Point. Why,
0 Rl xide, €0, o7 " pounds would ¥
—_—
435 Predict which one of ¢ fou“"’"‘%.;:;rm, iy
(@) carbon disulfide, Cs;' b ::s(’:'lcium oxide, C
D ey for the follo g su; 2l (d) SOs
(ructures EYe)
436 ?)T;‘ Lo dot e ) © ——
@ NH ntain P NOs ()KL
B og fonic o2 8 ey Gl
437 Which of he PLo08 (o),
(@ MgNOs)2 ween the ions.
() NaClOs mpound foﬂ%’—\
438 Fillin the table with the formulaof the <P
¢ loith the 07—
Anion o ,};",_’—L
26 ; |
e~ = —
B sy
|miciats O
[y |
Py e L
o gt
i o]
|7 ool
NH,
S
439 Write a formula for the fonic compound that forms from each of the following pairs of
clements.
(@ aluminum and oxygen
(b) potassium and oxygen
(© aluminum and chlorine
(d) calcium and bromine
440 Write the chemical formulas for compounds containing each of the following.
() two nickel atoms for every two oxygen atoms
(t) one phosphorusatom for every three chlorine atoms
E;)) & Esf?;‘ff:m for every five chlorine atoms
r every oxygen atom
441 Tdentify the cha o
rges of the individual jons i <EWR
@) Fe and O ions in Fe,0 ons in the following fonic compounds.
(©)Cs and Clions in CsCl ?:l)) Caand § ions in Ca$
Z Niand Br ions in Ni
44 ind Br ions in NiB;
Waitethe formulas o compounds contini i
t:; sodium o and st fon ntaining the following ions,
8 ; b
ron (1) on and perchiorate iy () strontium ion and per )
(4) magnesium Ppermanganate ion

ior R
0 and cyanide jon
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4.43

4.44

445

4.46

4.47

448

4.49

4.50

COMPOUNDS AND CHEMICAL BONDING

Name the following binary ionic compounds.

(a) CsBr (b) PbBry () Caly (d) Cr,03 () LiCl

(6 CrCly (g) SnO;

Name the following ionic compounds containing a polyatomic ion.

(2) Ca(NOy), (b) NH,CL (e)Sr(C:H;0); () NaClO4 () CoPO4
Name the following binary covalent compounds.

(a) CS; () N2Os () Py (d) PCIs

(0 N;O, ®NO

Write a formula for each of the following covalent compounds.

(a) carbon monoxide (b) disulfir tetrafluoride (©) dichlorine monoxide

(d) phosphorus pentafluoride () boron tribromide
Using periodic trends, arrange the following atoms in order of increasing electronegativity.
(&)Br, GUE, 1 () C,F,B,N,0

Using periodic trends, arrange the following atoms in order of increasing clectroncgativity.
(@) Sn, C, Pb,Ge,Si (1)K, Ca, CI, Cs, Cu

Indicate which molecule in each pair contains a polar bond.

(2) HF and H, (b) ICland I () Hy and HI

Arrange the following bonds in order of increasing polarity based on the electronegativity

trend in the periodic table.

(a) O-H, C-H, H-H, F-H (b) O-Cl, C-C,N-CL, F-Cl
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4.21

4.22

423

4.24

4.25

4.26

4.27

4.28

4.29

4.30

4.31

432

4.33

COMPOUNDS AND CHEMICAL BONDING

NIy molecules
e ingle atoms

1y diatomic molecules
nitrogen formula units

Wha: clements have the following electron configurations?
() 152 252 2p6 352 34 (B) 152 252 2p6 352 3p6 452 310 4p® 552 45 (c) 152 252 2p6

@) Ar (b) Ca (©)Br @K (e)8i
Which of the following pairs of elements would be most likely to contain ionic bonds?
(@7Tand C1 (b) K and Al () Mg and CI @CandS  ()NandH

Which of the following pairs o elements would be mostlikely to form a covalent
compound?

(2) Naand Br (b) K and Mg () Aland O (@)SandF () Cand H
Based on their formulas, which of the following compounds are binary fonic and binary
covalent compounds?

(@ NCly (b) CF, (¢) CaCly (@CuBr;  (¢)CaCOs
(O Mg:N,

Using Lewis dot structures, show the formation of the ionic compound that results when
the following atoms react,

(@) potassium and fluorine (b) magnesium and oxygen

Which one of the following is most likely to be an ionic compound?

() NCl () CCly ©Cs, @co, (&) BaCly

(£SO,

Which of the following are covalent compounds?

(a) SFy (b) CS; (c)CaO (d) Mgl () NH;

() MgCO;3

Identify the bonding in each of the following substances as ionic or covalent.

(a) HF (b) F2 (¢)CHy @NaBr (Mgl

() SiO; (g) KCL

Draw Lewis dot structures for the following molecules. (Hint: The boron atom in BCly
t obey the octet rule.)

(d;))c}s{;o & () H:0 (c)NH; (@Co, (e) BCly

Determine the number of bonding and nonbonding electrons in the following molecules.

(b) SO; (c) HCL

(2) PCl
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Questions. oo
41 Describe the dlffervn)
42 Whatisacompound?
S rule.
43 State the octet o
44 Whatis chemical bonding® e
. ar

45 Whatis an ion? Gk
46 Describe the difference betvee? m i bonding;
47 Describe the difference between 1071

. ‘ :
48  Whatis a binary compound?
49 Whatis a polyatomic ion? o e el W

4.0 Describe the difference between b.on
What is coordinate covalent bonding?

4.11
412 Whatis electronegativity?
Describe the diffrence between polar and nonpolar bonds.

4.13
414 What is a chemical formula? Give some examples.
What s the basic form for the names of binary ionic compounds?

415
Why does hydrogen exist as a diatomic molecule?
prefixes specify? mono-, di-, tri, i,

4.16
417 How many atoms does each of the following
penta, hexa-
Problems
4.18  Which of the following elements exist in nature a5 single atoms?
el @ od
9 €) 10dine
19 (v‘)/};:: of the following elements exist i nature as digeo,
a, il g
ine (b) carbon (© nitrogen (dC) molecules?
420 Match the substances on the left with th basi ¢y Ol
gechlum molecules e units thae ompose them on the right
s formula uniy on the right.
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6.1 th\tlis a chemical equation?
6.2 Describe the differen,
5 . ce between o chemical equati 3 A
, at is oxidation equation and a chemical reaction.
6.4 Whatis reduction?
6.5  Describ H
scribe the difference between oxidation and ducti
6.6 How do you recogni nd reduction.
P T -Ognize redox reactionsp
6‘8 What 1s a combustion reaction?
6.9 Wha: are exothermic and endothermic reactions?
- a .
are endergonic and exergonic reactions?
Problems
6.10  Describe each of the following chemical equations in words:
@) 2Nag +2H,0() — 2NaOHp+ Hygy
®) CeH130419) + 605 - 6COyp + 6,0
6.11 All t]:he fo].lovving chemical equations are written based on the reaction of methane (CHs)
r:ctlym}'(:yge]:im y]:eld l:'Vater and carbon dioxide (CO,). However, they are all written incor-
- Lxplain why they are not correct.
@ gl—u +40 - CO, +2H,0 (b) CH,+ 0; = COy + H,0
(e) CHs + O3 - CO, + H,0 (d) CH4 +CO, » O + H;0
6.12  Explain why the following chemical equation does not represent the reaction of hydrogen
gas (Hy) with oxygen gas (O) to form water, even though the equation is balanced.
g 8! 4}
H, + 0, - H)O,
6.13 For the reaction in Problem 6.12, write the correct, balanced chemical equation for the
reaction that forms water.
6.14 Write balanced equations for the following reactions:
(3) Glucose (CgH1Og) reacts with O to yield CO, and Hy0.
(b) Solid copper reacts with aqueous silver nitrate (AgNO3) to yield solid silver and aqueous copper
nitrate, Cu(NO;3),. \ ’ - 4
(c) Iron oxide (mineral hematite, FeO3) reacts with gaseous carbon monoxide (CO) to yield solid
iron and carbon dioxide gas, CO2.
6.15 Balance the following equations:

(8) CaHiog+ O = COxp + H:0g)
(b) C3Hg +Oa9 = COxp H;0
(c) AgNOj + NazCOsq) = AgiCOx( + NaNOsug)
(d) HClg + KsCO3ap = H2O0 + 2KClig + COxp

(e) Fegy+302 = 2Fe2030)

(® Mn(NOs)sa + NasSag = MnaSs) + NaNOsag)
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6.1 th\tlis a chemical equation?
6.2 Describe the differen,
5 . ce between o chemical equati 3 A
, at is oxidation equation and a chemical reaction.
6.4 Whatis reduction?
6.5  Describ H
scribe the difference between oxidation and ducti
6.6 How do you recogni nd reduction.
P T -Ognize redox reactionsp
6‘8 What 1s a combustion reaction?
6.9 Wha: are exothermic and endothermic reactions?
- a .
are endergonic and exergonic reactions?
Problems
6.10  Describe each of the following chemical equations in words:
@) 2Nag +2H,0() — 2NaOHp+ Hygy
®) CeH130419) + 605 - 6COyp + 6,0
6.11 All t]:he fo].lovving chemical equations are written based on the reaction of methane (CHs)
r:ctlym}'(:yge]:im y]:eld l:'Vater and carbon dioxide (CO,). However, they are all written incor-
- Lxplain why they are not correct.
@ gl—u +40 - CO, +2H,0 (b) CH,+ 0; = COy + H,0
(e) CHs + O3 - CO, + H,0 (d) CH4 +CO, » O + H;0
6.12  Explain why the following chemical equation does not represent the reaction of hydrogen
gas (Hy) with oxygen gas (O) to form water, even though the equation is balanced.
g 8! 4}
H, + 0, - H)O,
6.13 For the reaction in Problem 6.12, write the correct, balanced chemical equation for the
reaction that forms water.
6.14 Write balanced equations for the following reactions:
(3) Glucose (CgH1Og) reacts with O to yield CO, and Hy0.
(b) Solid copper reacts with aqueous silver nitrate (AgNO3) to yield solid silver and aqueous copper
nitrate, Cu(NO;3),. \ ’ - 4
(c) Iron oxide (mineral hematite, FeO3) reacts with gaseous carbon monoxide (CO) to yield solid
iron and carbon dioxide gas, CO2.
6.15 Balance the following equations:

(8) CaHiog+ O = COxp + H:0g)
(b) C3Hg +Oa9 = COxp H;0
(c) AgNOj + NazCOsq) = AgiCOx( + NaNOsug)
(d) HClg + KsCO3ap = H2O0 + 2KClig + COxp

(e) Fegy+302 = 2Fe2030)

(® Mn(NOs)sa + NasSag = MnaSs) + NaNOsag)
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11 (a) Oxygen gas does not exist as O. Thus 40 has o be corrected to 20,
(b) The equation is not balanced. Thus O has to be corected to 205, and H,O to 2H;0.
() Change O3 to 20;, and H,0 to 2H,0

(d) CO; has to be on the right side of the arrow. O on the right side of the arrow has to be
on the left side of the arrow and changed to 20,. Change H;0 to 2H,0.
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6.

g examples:

2
. Tlowi 5
the 0 oing oxidation

() KCIO;
(k) Ca(OH); + HiPO! . i
; on underg:
Select all the substances tha® g'-.m\ el (b2 s"\:;“irz‘ic:g agent
(@) a substance undergoing reduction (dan©
B)a e e Jost from each sub,
(c) a reducing agent X gﬂ.,ed and how many ar¢ Stance B
Indicate how many electrons 85" ) CuP*(ug) + 27
following chemical reactions: ) Cuo 2Ag"wa) 2! 80
(@) Zngy + Cuttug = Z000 * Cue . ¢he following compounds
Jement ift ALO:
Assign an oxidation number © f:;c(l;‘:o @ }xg\sdno. 8 B %:6
@so OO0 gHSOL (N :
3 o P
() FeO () LiOH (0 Soéh ot that is oxidized, the oxidizing e,
Identify the clement that is reduceds o i
the reducing agent in each chemical red
(a) 2Nal(yq) +Brap) = 2NaBrg * Ilig
(b) Mg+ CuClauy > MeClisd * 2 )
© cbl—l,,oﬂ.q,»feozw—»6cozm+5 390
(d) CHyg+20s9 > COW* 2H,0
(¢) 2NaClug + Fa = 2NaFe * Cl
+2H:00

(§ 2H;00 - 2Hag+ 029
B B uHNOs(ey o CaltOD+ 2NO20

Write ‘balanced chemical equations e X %
released or absorbed expressed in numbers within the equations.
s CO; and HO and releases 213 kg ¢

(a) The reaction of 1 mole of methane (CHL) with O2 yield

heat.
(b) The reaction of 1 mole of N2 with O yields NO gas and absorbs 43 keal of heat.

g reactions with amounts of e

Explain why perspiration cools us down on a hot summer day.
What would happen to the surrounding temperature in each case of Problem 6.20?
Write a balanced chemical equation for each of the following redox reactions.

(a) Zinc metal reacts with chlorine gas to form solid zinc chloride.
(b) Tron metal reacts with copper(II) sulfate solution to produce copper metal and iron(IT) sulfte

solution.
(c) Silver bromide solid decomposes to solid silver and bromine gas.

(d) Lithium metal reacts with fluorine gas to produce solid lithium fluoride. (Very explosive)
Complete burning of methane
i s gas (natural gas) releases heat according to the following

CHap + 202(5 S G0y 9 + €2k {Zo(g 80
(a) How much heat is r I)CI When mol o ) Ly
at is released when 1,5 f methane gets compl tzl € .
pletely burned?





