\BAgyﬁcmG EQUATIONS

it

PROBLEM 100

Balance the equations: (a) Ag;0 -+ Ag + 0y

(b) Zn + lICL - 2ZnCl; + lig (c) NaOll + 1,504 * Na,50, + I1,0.

PROBLEM 107

Balance the go}lowinq by filling in missing species and
proper coefficient: (a) NaoOll + -+ Naliso, + IOl

(b) PCl, + _ HOH ~ + 3lCcYy (c) Clly + + CCl, + 4lcl.

CALCULATIONS USING CHEMICAL ARITHMETIC

PROBLEM 100

verify that the following data conflrm the law of
equivalent proportions: Nitrogen and oxyyen react with
hydrogen to form ammonia and watar, respectlvely. h,66 g
of nitrogen is required for cvory gram of hydrogen in
ammonia, and 8 g of oxygen for every gram of hydrogen

in water. Nitrogen plus oxygen ylelds NO. llere, 14 g of
nitrogen is required for every 16 g of oxygen.

PROBLEM 1G9

In a chemical reaction requiring two aloms of phosaphorus
for Flve atoms of oxygen, how many grams of oxygen are
required by 3.10 g of phoaphorus?

PROBLEM 170

Two atoms of scandium are to combine with threc atoms of
oxygen. If you start with 1 gram of scandium, how much
oxygen is required? Scandium has an atomic weight of
44.96 g/mole. The at. wt. of oxygen is 15.999 g/mole.

PROBLEM 171

A metal has an atomic welght of 24, Whon it react -

a non-metal of atomic weight 00, Lt does so In a gnzt;h
of 1 atom to 2 atoms, respectively. With thin information
how many grams of non-metal will combine with 33.3 g of g
metal. [f 1 g of metal is rcacted with 5 g of non-metal
find the amount of product produced. >

WEIGHT-WEIGHT PROBLEMS
PROBLEM 172

Upon the addition of heat to an unknown amount of KC1O3.
.96 g of oxygen was llberated. liow much KCl0, was present?

PROBLEM 1T3

Given the balanced equation
4NHi(g) + 502(g) - ANO(g) + 61120(g) .,

how many grams of NHi will be reyuired to react with 00 ¢
of 027

PRODLEM 174

In the commercial - s
preparation of hydrogen chlori
what weight of HCLl in . s e
grams may be obtal
234 g. of NaCl with excens 11;8047 e

The balanced equation for the reaction is
2NaCl + H,SO, + Na,S0, + 2uclL

Molecular weights: NaCl = 58.5, lICl = 36.5.



PRODLEM 175

A chemist decldes to react 2 g of VO (vanadium oxide)
with 5.75 g of Fe,0, to produce v,05 and FeO. llow
many grams of V.0, can ba obtained?

PROBLEM 176

Determine the weights of CO, and [1;0 produced on burning
104 g. of C,H;. Molecular weights are CO;, = 44 and 1,0 = 18.
The equation for the reaction is

2C,H; + 50; -+ 4CO, + 2H,0

PROBLEM 177

spared
silyver bromide, AgBrC used in photography, may be prepare
fro; AgNO 4y und'Naur.'Calculatc the weight of cach required
for producing 93.3 1b of Aghr. (1 1b = 454 q.)

PROBLEM 170

What weight of sulfur must combine with aluminum to
form 600 lbs(272.4 kg) of aluminum sulfide?

pPROBLEM 170

decomposed it to NaNO, and 0. llow much

NO
e ,have to decompose to produce 1.50 g of 027

NaNO; would you
PROBLEM 180

Baking powder consistn of a mixture of cream of tartar
(potassium hydrogen tactrate, KIlC4ll4Og, molecular welght =
188 g/mole) and baking soda (sodium blcarbonate, NallCOj,
molecular weight = 84 g/mole). These two components react

according to the equation
KHC. H,0s + NaHCO,; -* KNaC,l1,0¢ F 11,0 + COs.

How much baking soda must be added to 8.0 g of cream of
tartar for both materials to react completely?

PROBLEM 101

Some so0lld Ca0 in a test tube picks up water vapor from the
surroundings to change completely to Ca(Oli)2(s). An ob-
served total initial weight (Ca0 + test tube) of 10.8G60 g
goes aventually to 11.149 g. What ls tho weight of the

test tube?

PROBLEM 102

'ﬂard" water contains small amounts of the salts calcium
bicarbonate (Ca(HCO;):) and calcium sulfate (CafO.,
molecular weight = 136 g/mole). These react with soap
befo;e it has a chance to lather, which 1is responsible

for its cleansing ability. Ca(liCO,;), is removed by boiling
to fqrm insoluble CaCO;. CaSO, is removed by reaction with
washing soda (Na,CO;, molecular weight = 106 g/mola)
according to the following equation:

CaSOs + Na,CO; += CaCO; + NazSO4.

If the rivers surrounding New York City have a CaSOs
concentration of 1.8 x 10-? g/liter, how much Na,CO, is
required to "soften" (remove CaSO,) the water consumed by
the city in one day (about 6.8 x 10° liters)?

PROBLEM 183

llow many pounds of air (which is 23 19; (o]
. 2 and 75.463% N
by weight) would be needed to burn a pound of gasoline GY

: g‘;“tlm' whereby Callys reacts with O, to form CO: and
2



PROBLEM 184

A lunar module used Acrozine 50 as fuel and nltrogen
tetroxide (N;04, moleccular weight = 92.0 g/mole) as
oxidizer. Aerozine 50 consists of 50 % by weight of
hydrazine (N:H,, molccular weight = 32.0 g/mole) and 50 %
by weight of unsymmetrical dimethylhydrazine ((Cli3)2Nall,,
molecular weight = 60.0 g/mole). The chief exhaust
product was water (lI;0, molecular weight = 18.0 g/mole).
Two of the reactions that led to the formation of water
are the following:

2N,H, + N,O0¢ + 3N, 4 41,0
(CHyjy) oNzHz + 2N,0¢ += 2CO, + 3N, + 4H,;0.

If we assume that these reactions werce the only ones in
which water was formed, how much water was produced by
the ascent of the lunar module if 2200 kg of Aerozine 50
were consumed in the process?

PROBLEM 106

It has been found that the following sequence can be
used to prepare sodium sulfate, Na;504:

§(s) + 0;(g) -+ 50:(9g)
250; (g) + Oz2(g) -+ 250,(q)
S0s3(y) + M20(L) -+ 11,504 (L)
2NAOIl + 11,80, -+ Na,S0, + 2I1,0

If you performed this sequence of reactlons, how many moles
of Na;S504 could possibly be produced if you start with

1 mole of sulfur? llow many moles are possible with 4.5 g
of water?

PROBLEM 106

When 4.90 g of KCl0, was heated, it showed a welght loss
of 0.384 g. Find tho percent of the original KClOys that
had decomposed.

PROBLEM (07

_An impure sample of aluminum sulfate, Al,(504),, is
analyzed by forming a precipitate of insoluble barium
sulfate, BasO,, by reacting aluminum sulfate with an
excess of BaCl, (to insure completa precipitation).
After washing and drying, 2.000 g of Daso, was obtalned.
If the original sample welghad 1.000 g, what was Lho
per cent of aluminum sulfate in the sample?

PROBLEM 108

A silicious rock contains the mineral ZnS. To analyze for
Zn, a sample of the rock is pulverized and treated with
HCl to dissolve the 2ZnS (silicious matter is insoluable).
Zinc is precipitated from solution by the addition of
potassium ferrocyanide K«Fe(CM)¢. After filtering, the
precipitate is dried and weighed. The reactions which
occur are

ZnS + 2lIC1 =+ 2ZnCl,; + ;S
2ZnCl; + K Fe(CN)g¢ -+ Zn,Fe(CN)g + 4 KC1
If a 2 gram sample of rock yields 0.969 gram of Zn:Fe(CN)s,
what is the percentage of Zn in the sample? Alomic welght
Zn = 65.4, molecular weighthZFe(CN)g = 342.6.

PROBLEM 100

Clay contains 30 % Al,0,, 55 % S10,, and 15 % 11,0. What
weight of limestone is requimd per ton of clay to carry
out the following chemical change?

6CaCo, + Al:04 + B5lO; + 3Ca0*Al;0, + 3CaO-5i0, + 6CO,.
(l1imestone)




PROBSLEM 190

A chemist has a mixture of KCl0,, KIICOj3;, K2CO;, and KCl.
She heats 1,000 g of this mixture and notices that the
following gases evolve: 18 g of water (lI;0), 132 g of CO,,
and 40 g of 0, according to the following reactions:

2KC1l03 + 2KC1 + 30
2KHCO3 -+ K;0 + 11,0 + 2CO;
K2CO3 -+ K;0 + CO;
The KCl is inert under these conditions. Assuming complete

decomposition, determine the composition of the original
mixture.

REACTIONS WITH LIMITING REAGENTS
PROBLEM 101

Chromic oxidae (Cr;0,) may be reduced with hydroqen
according ko the equatlon

Cr 0y + 312 + 2Cr + 31,0

(a) What weilght of hydrogen would be required to reduce
7.6 g of Cr,04? (b) For each mole of metalllic chromium
prepared, how many moles of hydrogen will be required?
(c) wWhat welght of metalllc chromium can ba prepared from
one ton of Cr;0,? 1 1b = 454 q.

PROBLEM 192

When 10.0 g of silicon dust, Si, ls exploded with 100.0 g
of oxygen, 0;, forming silicon dioxide, Si0,, how many
grams of 0, remain uncombined? The reaction equation is

Si + 0, +* 510,.
PROBLEM 103

llow many moles of Al,0, can be formed when a mlxtura of
0.36 moles of aluminum and 0.36 moles of oxygen is

ignited? Which substance and how much of it is In axcess
of that required?

4Al + 30, + 2Al,0,
PROBLEM 104

= il = 1s to be
Supposa the change IIC,0, $Cly + -COy a1 3
cnrgled out in basic solution. Starting with 0,10 mole ol
oll=, 0.10 mole of HC,;0,~, and 0.05 mole of Cl;, how many
molas of Cl1~ would be expected to be in the final nolution?

PROBLEM 105

- - le from
jmum weight of 8Os that could be mnc.
‘ggng ;Bnghgoragnguﬁ.oo ; of 0, by the [ollowing roactlion?

20, + 07 * 280,
PROBLEM 106

A chgmist reacts ferric sulfate with barium chloride and
obta1n§ barium sulfale and ferric chloride. lle writes Lhe
following balanced cquation to express this reaction:

Fe; (SO4)3; + 3BaCl, - 3BaSO. + 2FeCl,

(?)FHOYSmuch BaCl; should be used to react wi
o €2(S04) 3?2 (B) How much Fe, (50,); will be necessar

t
produce 100 g of BaSO,? (C) From a mixture of 50 g oEy -

Fe; (SO4); and 100 of BaCl 1 :
produced? . 7+ how much reCl; can be

th 10 grams

PROBLEM 107

Through several successive reactions, a chemist uses
carbon! Ca0, HCl and 11,0 to produce CsllyCl,. Assuming
an efficiency of 65 %, how much C¢ll,Cl,; can be produced
grom 500 grams of carbon? Assume that 1/3 of the carbon
is lost as 3 moles CO.



VOLUME-VOLUME PROBLEMS
® PROBLEM 108

Calculate the volume of 0, necessary to burn 50 liters of
CO completely. The balanced roaction is:

2CO + 02 + 2CO0;

Also, calculate the volume of CO; formed.

PROBLEM 100

In the Ostwald process for the commercial preparation of
nitric acid, ammonia gas is burned in oxygen in the presence
of a Pt catalyst. The balanced equation is:

4Ny + 50, —=f-  4NO + 6110
What volume of 0; and what volume of NO is formed in the

combustion of 500 liters of Nlly. All ganes are under the
same conditions of temperature and presaure.

PROBLEM 200

Calculate the volume of oxygen necessary to burn completely
100 cubic feet (1 cubic foot = 20.316 liters) of butane gas
according to the equatlon

2Cullyo + L30, + BCO, + l0O0,0

WEIGIIT-VOLUME PROBLEMS
PRODLEM 201

Glucose~-1-phosphate, essential to the metabolism of

carbthdrates in humans, has a molocular weight of
S~~~ 3/ ULE ailu a ucusaty OCL about 1.5 g/cm?’. What ig

the volume occupied by one molecule of glucose-1-
phosphate?

PROBLEM 202

What is the mass of 1 liter of carbon monoxide (CO) at
standard temperaturc and pressure (sTP).

PROBLEM 203

What is the weight of 1,000 cubic feet of air at ST1I?

PROBLEM 204

Chlorine may be prepared by the ac

ti F .
atid- Ehn ressEtion me on of KCl10; on nel,

Y be represented by the equation:

KClo; + GliCcl + Kel + 3Cl; + 31,0

Calculate the walght of KC1l0, whicl
produce 1.0 litsr of Cl,
atm/mole-°K,

\ would be required to
gas at BTP. R = ,082 liter-

PROBLEM 205

Lithium oxide (Li,0, molecular weight = 30 g/mole) re-
acts with water (I1,0, molecular weight = 18 g/mole, i
density = 1.0 g/cm?’) Lo produce lithium hydroxide (Lion)
according to the following recactiony

Li,0 + 1,0 » 2nion.

What mass of Li;0 in required to comple

24 litors of 1,07 tely react witn

PROBLEM 206

What volume of hydrogen at TP is produced as sulfuric acid

acts on 120 g. of metallic calcium. Equation for the re-
action is

Ca + H,50, -+ Caso0, + Hy



PROBLEM 207

The executioner in charge of the lethal gas chamber at the
state penitentiary adds excess dilute 11,80, to 196 g (about
% 1b) of NaCN. What volume of IICN gas is Formed at STP?

PROBLEM 200

A chemist decides tn prepare some chlorine gas by the
following reaction:
MnO; + 41IC1 -+ MnCl, + 21,0 + Cl, ¢

If he uses 100 g of MnO,, what is the maximum volume of
chlorine gas that can be obtained at standard temperature
and pressure (STP)?

PROBLEM 209

What volume of ammonia at STP can be obtained when steam is
passed over 4000 g of calcium cyanamide? The balanced
reaction is

CaCN2 + 3H,0 + 2NII; + CaCoO,

(Molecular weight of CaCN; = 80, MW of Nily = 17.)

PROBLEM 210

Iron (III) oxide is

reacted with carbon mono ia
furnace to produce i o Boed e

ron. The balanced reaction is:
Fe03 + 3CO + 2Fe + 3Co,

What volume of CO at TP is required to com
: pletely use u
31.94 kg of iron oxidn? (MW of Fe,0, = 159.7, MW of co =p28.)

PROBLEM 211

llow many llters of phosphine (Pli;) gas at BTP could be made
from 30 g of calcium by usa of the following mequence of
reactions:
3Ca + 2P + Ca,P,
Ca,P, + 6HIC1 -+ 2Plly + 3CacCl,

(Molecular weights: Ca = 40, Plly, = 34.)

PROBLEM 212

Nitroglycerin (C,lig NO,) ;) explodes accnrding to the follow-
ing reaction:

4Csl15 (NOy) 4 (1) + 12C0:(g) + GNy(g) + O;(g) + lOm,0(q),

producing only gaseous products. What is the total volume
of gaseous products produced at standard temperature and
pressura (8TP) when 454 g of nitroglycerin explodes? The

mol

ecular weight of nitroglycerin in 227 g/mole.

PROBLEM 213
A chemist performs the following reaction:

2KC10i1(s) + 2KC1l(s) + 30;(qg).

He collects the 02 gas by water displacement at |t 563

lle observes a pressure of 753 nm lig. Assuming the
pressure 9f water vapor is 17.5 mm lly at 20°C and he
started with 1.28 g of potassium chlorate (KCl03), what
volume of gas is produced? (R = .0021 f-atm/mole °K.)



