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| 374 Nickel(Il) chloride reacts with sodium phosphate to pre-
| cipitate nickel(IT) phosphate.

How many moles of nickel(Il) chloride are needed to produce
0.479 mol nickel(I) phosphate?

3.76 White phosphorus, P,, is prepared by fusing calcium

| phosphate, Cay(PO,),, with carbon, C, and sand, $i0,, in an
| electric furnace,

' 2Cas(POLYL(s) + 6510(5) + 100(5) ——

Pylg) + 6CaSi04(l) + 10CO(g)
How many grams of calcium phosphate are required to give
5.00 g of phosphorus?

3.78 Acrylonitrile, C;H;N, is the starting material for the pro-
duction of a kind of synthetic fiber {acrylics). It can be made

| from propylene, C3Hg, by reaction with nitric oxide, NO.

| 4C;He(g) + 6NO(g)

— 4C3H;3N(g) + 6HyOg) + Na(z)

| How many grams of acrylonitrile are obtained from 651 kg of

propylene and excess NO?

| 3.80 Solutions of sodium hypochlorite, NaClO, are sold as a

bleach (such as Clorox). They are prepared by the reaction of
chlorine with sodium hydroxide,

| If chlorine gas, Cly, is bubbled into a solution containing 61.1
| g NaOH, how many grams of Cl, will eventually react?

3.82 Copper metal reacts with nitric acid. Assume that the re-
action is

3Cu(s) + BHNO;(ag) —
ICu(NOs)y(ag) + 2ZNO(g) + 4H,00)

| If 5.92 g Cu(NO4); is eventually obtained, how many grams of
|nitric oxide, NO, would have formed also, according to the
preceding equation?

377 Tungsten metal, W, is vsed to make incandescent bulb
filaments. The metal is produced from the yellow tungsten(VI)
oxide, WO, by reaction with hydrogen.

How many grams of tungsien can be obtained frn;m 4.3] kg of
hydrogen with excess tungsten(V1) oxide?

379 The following reaction is used to make carbon tetrachlo-
ride, CCly, a solvent and starting material for the manufacture
of fluorocarbon refrigerants and acroso) propellants.

CS3(g) + 3Cl{g) — CCly(e) + 5:CL(g)

Calculate the number of grams of carbon disulfide, CS.,

needed for a laboratory-scale reaction with 62.7 g of chlorine,
Cl,.

381 When dinitrogen pentoxide, NyOs, a white solid, is
heated, it decomposes 1o nitrogen dioxide and oxygen.

A

2NO:(5) * 4NOa(g) + Oa(g)

If a sample of N,O; produces 1.315 £ Oy, how many grams of
NOy, are formed?

LIMITING Ii;EA{H'ANT; THEORETICAL AND PERCENTAGE YIELI

383 Potassium superoxide, KOy, is used in rebreathing gas
masks to generate oxygen.

4K 04(5) + 2H,O() —— 4KOH(s) + 304(g)

If a reaction vessel contains 0.25 mol KO, and 0.15 mol H,0,
what is the limiting reactant? How many moles of oxygen can
be produced?

3.84 Large quantities of ammonia are burned in the presence
of a platinum catalyst to give nitric oxide, as the first step in the
preparation of nitric acid,

4NH;(g) + 505(g) —> 4NO(g) + 6H;0(g)
Suppose a vessel contains 0.120 mol NH; and 0,140 mol Q..

Which is the limiting reactant? How many moles of NO could
be obtained?

3.86 Carbon disulfide, CS;, burns in oxygen. Complete cc
bustion gives the reaction

CS2(g) + 304(g) — CO(g) + 250a(g)

Calculate the grams of sulfur dioxide, SO, produced whe
mixture of 30.0 g of carbon disulfide and 35.0 g of oxygen
acts. Which reactant remains unconsumed at the end of

combustion? How many grams remain?

3.88 Hydrogen cyanide, HCN, is prepared from ammonia, ;
and natural gas (CH,) by the following process:

2NH;(g) + 30,(g) + 2CHy(g) — 2HCN(g) + 6H,0(g

Hydrogen cyanide is used to prepare sodium cyanide, which
used in part to obtain gold from gold-containing rock. If a rea
tion vessel contains 11.5 g NH;, 10.0 g O,, and 10.5 g CH,,
what is the maximum mass in grams of hydrogen cyanide tha
could be made, assuming the reaction goes to completion as
written?

| 3.90 Methyl salicylate (oil of wintergreen) is prepared
heating salicylic acid, C;HgO4, with methanol, CH50H.

C}l{ﬁe_q + C“jUH S CgHH'Dg + HzU
|In an experiment, 1.50 g of salicylic acid is reacted, wi

11.20 g of methanol. The yield of methyl salicylate, CgHy0O 2
L.31 g. What is the percentage yield?

Challe nge Prdblenns :
3113 An alloy of iron (54.7%), nickel {45.0%), and man-
Banese (0.3%) has a density of 8.17 g/cm’. How many iron
Aoms are there in a block of alloy measuring 10.0 cm > 20.0
tm X 15.0 cm?

3.108 A mixture of Fe,0; and FeO was found to contain
T2.00% Fe by mass., What is the mass of Fez05 in 0.500 g of
this mixture?

3110 Penicillin V was treated chemically to convert sulfur to
barium sulfate, BaSO,. An 8.19-mg sample of penicillin V
gave 5.46 mg BaS0,. What is the percentage of sulfur in peni-
cillin V? If there is one sulfur atom in the molecule, what is the
molecular weight?

3.112 1.92 g M” ion reacts with 0.158 mol X~ ion to produce
a compound, MX,, which is 86.8% X by mass. What are the
identities of M™ and X ™7




Thermo Proolems

6.5 Suppose heat flows into a vessel containing a gas. As the
heat flows into the gas, what happens to the gas molecules?
What happens to the intemal energy of the gas?

613 Define the heat capacity of a substance, Detine the spe.
cific heat of s substance.

604 Deseribe o simple calorimeter. What measurements ar,
medded o determine the heat of reaction?

6.7 A house has an attached wind rurbine that supplies some
of the electricity to the home. Describe the energy changes that

gecur when a light is turned on. assuming that the energy orig-
inates with the wind,

6.45 When white phosphorus burns in air, it produces phos-
phoms(V) oxide,

Pyis) + 30u(g) —— P,Oisk AH = 2940 k)
What is AH for the following equation”
PaOyls) —— Pyls) + 50:(g)
6.47 Phosphoric acid, H;PO,, can be prepared by the reaction
of phosphorus(V) oxide, POy, with water.
1P0yols) + 3H0() — HyPOag): AH = —1132kJ
What is AH for the reaction involving | mol of Py0,,7
FiOygis) + 6HANI) — 4H;PO4(ag)

- 650 Hydrogen, H.. is used as a rocket fuel. The hydrogens

burned in oxveen o produce Waler Vapor.
THatg) + Osg) — ZHOiek AH = —d484 kI
What is the enthalpy change per gram of hydrogen?
6.52 Hvdrogen sulfide, Ho5, is a foul-smelling gas. Tt bums o
e sulfor dioside,
EH:S{RI + 30ie) — 2504 + H gy
AH = ~ 1037kl
Caleutate the enthalpy change o burn 26.7 ¢ of hydrogen sl
fide. '
6.54 Fihanol. C:H-OH, is mixed with gasoline and sold &
oasohol, Use the following (o caleulate the grams of ethan
needed o provide 293 kI of heat.
C.HLOHil + 30:0g) — 2C0s(g) + 3H,002%
' Al = —1235W

656 An irom skillet weighing 1,63 kg is heated on o stove i
VT30, Suppose the skillet is cooled w room Tesmperatur.
21700 How much heat energy (in joules) must be removed @
effect this cooling” The specific heat of iron is 0,449 Jig - 01

6.62 A sample of benzene. C Hg. weighing 3.51 g was bumed
in an excess of oxygen in a bomb calorimeter. The temperature
of the calorimeter fosc from 25.00°C to 37.18°C, I the heat
capacity of the calorimeter and contents was 12,05 k1/°C, what
is the value of g for burning 1 mol of benzene at constant vol-
ume and 25.00°C7 The reaction is

CH, (1) + $0.{g) — 6C041g) + IHO)

HES5'S LAW

6.63 Hydrazine, NaH,, is a colorless liquid used as a rocket
fuel. What is the enthalpy change for the process in which
hydrazine is formed from its elements?

MNalg) + 2Haig) — NaH,(l)
Use the following reactions and enthalpy changes:

N:H Y + Ogg) —— Naig)+ 2H-00/ ) A = —622.2k)
Hi(g) + 30.(g) — H.O); AH = —285.8 kI

6.64 Hydrogen peroxide, HaOs, is a colorless liquid whose
solutions are used as a bleach and an antiseptic. H,0); can be
prepared in a process whose overall change is

Hayig) + Oxlg) ~—— H:Oall)

Caleulate the enthalpy change using the following data:
Ha05(1) — H0(1) + $0:(g): AH = —98.0 K
2Halg) + Oalg) —— 2HO(); AH = —5T1.6 K

6.6%9 The cooling effect of aleohol an the skin is dee to its

evaporation. Calculate the heat of vaporization of ethanol
{ethyl aleohol), C;HL0H.

C.H;OH(IY — CoH:OH(g); AH? =7
6.72 Carbon disulfide is a colorless liquid, When pure, it &
nearly odorless, but the commercial product smells vile. Car-

bon disulfide is wsed in the manufacture of rayvon and cellg-
phane. The liguid burns as follows:

CSail) + 30a(g) — COulx) + 25040

Calt\ing et ot Lor meT\on
C-g'l‘.(,,l.'ﬁ =1\ S{)'L[%F ~29C 48
COzap= BN

091 A 50.0-g sample of water at 100.00°C was placed in an
insulated cup. Then 25.3 g of zinc metal at 25.00°C was added

o the water. The temperature of the water dropped to 96.68°C.
What is the specific heat of zinc? )

6.86 Calcium oxide (guicklime) reacts with water Lo produce
calcium hydroxide (slaked lime).
Calis) + HyO{l} —— Ca{OH)(s): AH = —652 k]

The heat released by this reaction is sufficient to ignite paper.
How much heat is released when 24.5 g of calcium oxide
reacts?

6.88 Acetic acid, HC;H;0,. is the sour constituent of vinepar
{ocem is Latin for “vinegar™). In an experiment, 3.58 ¢ of
acetic acid wias burmed.

If 52.0 kI of heat evolyed, what is AH per mole of acetic acid?
6.116 How much heat is released when a mixture conlaining
10,0 g CS5 and 1000 g Cl; reacts by the equation

CS(g) + 3CN(g) — S:Clafg) + CClale):
AH® = —232kJ



