Chapter 3 Suggested end-of-chapter problems with solutions

28. What is the difference between the molar mass and the empirical formula
mass of a compound? When are these masses the same, and when are they
different? When different, how is the molar mass related to the empirical
formula mass?

34. What does it mean to say a reactant is present “in excess” in a process? Can
the limiting reactant be present in excess? Does the presence of an excess of a
reactant affect the mass of products expected for a reaction?

40. Assume silicon has three major isotopes in nature as shown in the table
below. Fill in the missing information.

Mass
Isotope (u) Abundance

28G;  27.98

29Gi 4.70%

0Gi 29.97 3.09%



42. The element silver (Ag) has two naturally occurring isotopes: 1% Ag and
107 Ag with a mass of 106.905 u. Silver consists of 51.82% 197 Ag and has an
average atomic mass of 107.868 u. Calculate the mass of 1 Ag.

64. Bauxite, the principal ore used in the production of aluminum, has a
~
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waters of hydration. Each formula unit of the compound contains two water

molecules.
a. What is the molar mass of bauxite?
b. What is the mass of aluminum in 0.58 mole of bauxite?
¢. How many atoms of aluminum are in 0.58 mole of bauxite?

d. What is the mass of 2.1 x 10%* formula units of bauxite?

66. What amount (moles) is represented by each of these samples?

a. 20.0 mg caffeine, CgH10N402

b. 2.72 x 10?! molecules of ethanol, CoHs OH

c. 1.50 g of dry ice, CO-



71. Chloral hydrate (CoH3Cl303) is a drug formerly used as a sedative and
hypnotic. It is the compound used to make “Mickey Finns” in detective stories.

a. Calculate the molar mass of chloral hydrate.

b. What amount (moles) of CoH3Cl3 O3 molecules are in 500.0 g chloral
hydrate?

c. What is the mass in grams of 2.0 x 1072 mole of chloral hydrate?
d. What number of chlorine atoms are in 5.0 g chloral hydrate?
e. What mass of chloral hydrate would contain 1.0 g CI?

f. What is the mass of exactly 500 molecules of chloral hydrate?

78. Hemoglobin is the protein that transports oxygen in mammals. Hemoglobin
is 0.347% Fe by mass, and each hemoglobin molecule contains four iron
atoms. Calculate the molar mass of hemoglobin.

88. Determine the molecular formula of a compound that contains 26.7% P,
12.1% N, and 61.2% CI, and has a molar mass of 580 g/mol.

94. A compound contains only carbon, hydrogen, and oxygen. Combustion of
10.68 mg of the compound yields 16.01 mg CO, and 4.37 mg H2O. The molar
mass of the compound is 176.1 g/mol. What are the empirical and molecular
formulas of the compound?



96. Give the balanced equation for each of the following.

a. The combustion of ethanol (C2H5; OH) forms carbon dioxide and water
vapor. A combustion reaction refers to a reaction of a substance with
oxygen gas.

b. Aqueous solutions of lead(II) nitrate and sodium phosphate are mixed,
resulting in the precipitate formation of lead(II) phosphate with
aqueous sodium nitrate as the other product.

c. Solid zinc reacts with aqueous HCI to form aqueous zinc chloride and
hydrogen gas.

d. Aqueous strontium hydroxide reacts with aqueous hydro-bromic acid
to produce water and aqueous strontium bromide.

102. Balance the following equations:

a. Cr(s) + Sg(s) — CrzS3(s)

b. NaHCOs(s) —*% NayCOs(s) + COs(g) + H>0(g)

C. KCIOs(s) L KCl(s) + O2(g)

d. Eu(s) + HF(g) — EuF3(s) + Ha(g)

108. One of relatively few reactions that takes place directly between two solids
at room ternperature is

Ba(OH)2 - 8H,0(s) + NH4SCN(s) —
Ba(SCN), (s) + H20(l) + NHs (g)

In this equation, the - 8H,0 in Ba(OH), - 8H,0 indicates the presence of eight
water molecules. This compound is called barium hydroxide octahydrate.

a. Balance the equation.

b. What mass of ammonium thiocyanate (NH4SCN) must be used if it is to
react completely with 6.5 g barium hydroxide octahydrate?



110. Aspirin (C9HgOy4) is synthesized by reacting salicylic acid (C7HgO3) with

PRI, -.1.-.1- (M IT N e ~ Lo ~1- ..,.-.1 equ .
dCeucd dilyariuae \\J4n6U3) The balanced cegqu at UIl lb

CrHgO3 + C4HgO3 — CoHgO4 + HCo,H3 02

a. What mass of acetic anhydride is needed to completely consume
1.00 x 10? g salicylic acid?

b. What is the maximum mass of aspirin (the theoretical yield) that could
be produced in this reaction?

118. Consider the following unbalanced equation:

Ca3 (PO4)2 (8) -+ Hz SO4 (aq) — CaSO4 (8) -+ H3PO4 (aq)

What masses of calcium sulfate and phosphoric acid can be produced from
the reaction of 1.0 kg calcium phosphate with 1.0 kg concentrated sulfuric
acid (98% H;SO4 by mass)?
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sides. There is a chamnce some af the SCN might be doing more, lout s worth
Yrying to see i the cimple cose istrue-

o HZO also oeccirs 0w botw sides of the "6-“‘"‘("-"'“/ e ”C'rﬂAD"C watee!
ow the ceoctoand ade , o d o(é(nmj woder on The ’P‘"Dc‘ucj side . Whale
Yhece s o chomce thad some og‘, Yhe Cff_',d""() woders Wﬁ""‘ how e
done more Moun :»n\o(j ScT' ,I‘)'!{’CA “p .,Erom Ba [DL“[>Z/H'\5 worth "\-’U;”j
4o sce T& e :‘,";M?‘-,\Q cace s diae.

¥ 3 Aoghee Llee 1he a1 0 fi«iﬁcgaf‘iﬁw%ﬁ} %{gw?& %r&%%@ﬁ am MY 3‘;’-}@% the
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v -’Y\/\,O«;k \Qaaé“ ) 'Lc ‘l'w o N H q ‘-",0'("_9&' Ps 4 ¥ :3""'46, SRne 'H 1 Eout hoode {he t
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LoD

Ba (OHD), BH,0() 1 2 NH, SCN(2) — Ba (SCN),(2) + 10 1,0 (€)+ 2NH, (5)

. We nad wiolar masses b g0 Gom grome bo mols amd Gack
b) . (NHg SCN) = @2(14.01) 4 (4)(1.00) + 32,074 12,01 = 76.143,,

WO (cu'
WG ¢

Mo (B (O], -8H,0) « 13734 (2)016.0041.01)+ 8) [230.01)4 6.06]
= 315.44 3 /o]

6.5g Bar), ou,0 LA BaO) BH,0 2 mlNH,SCN | Zaiarg NWySeN

315,4%5 Bq(oH)l.?SH,/O ol BQ(OH)L-E H,0 Lensd NY, SCN
= 3.1g N, SCN



110. C7HéO%+ C4H603 _ = CH0, 4 HC, HgOz

‘56&( eu i ¢ A(@/»l»,'c . o
o\,c«i{! Wk.«jclmde A‘Sp)mn
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mm, <C7 HéOQ = (1)(2.01) 4 (&)(e) + (3)(16.00) = 13‘3.l35/,wf

rolar
wass

N (64(‘\6%) . (@) (.00« @) (1-o)+ (3)(16.00) = 102.10 $/,..0
M. m, (Cq L\B O4> - <Q) (I’Z.o\) *(e\)(l.oﬁ 4»(4)6(9-00); \80.\7€/M«Q
(&) 1.0 ,XlOZ% C.H 0O« ’ "W’Q C7Hjo3 x \ M"Q Cffﬁé?_;_ 102.10 3,_.._C"'H69§ ;736]) gcqubo3
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Fiesh we need Yo bolomee the mc,{i‘on eo\'wa\)\""ow\

2o (PO,) ()4 21,90, (00) —5 7 050, (3) + 2 W,PO4(a0)

Note ek PO ond SO, groups "Hronel’ dogener, avd we com kasp
F\“Y“Q,C,\( OEW as Q,m-‘\/ke_g‘
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(% ;" Q‘-’V‘\‘ OP C& Sﬂ ‘éic’l\;y-‘gs 2 ‘e'.—\ O~s—{‘ cp H SO ~L 1;».\.1,0.%5» 'h"e
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