O a  a Ak i

Thallium(lll) nitrate TI(NO;),

(Q) Which is the correct name for Cu,S?
copper sulfide

copper(ll) sulfide

copper(ll) sulfate

copper(l) sulfide
copper(l) sulfite

moow>»

(Q) Which is the correct formula for ammonium sulfite?
A.NH,SO,

B. (NH,),SO,

C. (NH,),SO,

D. NH,S

E. (NH,),S

(Q) Name the following compounds:
(a) Fe(NO;),
(b) Na;HPO, b g o

(c) (NH,),(C,0,4)

(Q)Write chemical formulas for the following compounds:
(a) cesium sulfide

(b) calcium phosphate -

» Naming Hydrates

1.Name ionic compound
2.Give number of water molecules in formula using Greek

14

15

prefixes TABLE 2.6 |

Greek Prefixes for
Ca(S0,).2H,0 calcium sulfate dihydrate Naming Compounds

Prefix

CoCl,.6H,0 cobalt(ll) chloride hexahydrate
Fel,:3H,0 iron(lll) icdide trihydrate

Fe(NO,);.9H,0 iron(lll) nitrite nonahydrate

“ SR de W I e
?




PCl, phosphorus pentachloride

disulfur dichloride S,Cl,
tetraphosphorus trisulfide P,S,
carbon disulfide CS,
sulfur trioxide SO, Yo 5o Y (B
20
nitrogen dioxide Chlorine monofiuoride
Boron trifluoride Hydrogen selenide
Or dihydrogen selenide
GaBr, «<=' <« Gallium (IIl) bromide e 0
GeBr, .-~ Germanium tetrabromide i oy
CaBr, <~ Calcium bromide
Hg,(NO,),.H,0 Mercury(l) nitrite monohydrate
tdvn e 21
~ Acids and Corresponding Anions
Anion Suffix  Acid Suffix " —
HN(E, e nitrate snion therefore nittic ocid.
-ate -ic E=—
e L i
-ite =0ous HNO, == nilsite anion therefore nitrous acil
AT o
ite w oy
CO& Carbonate ion HACO, ‘Carbonic actd
NOy Nitrite ion 1INO, Nitrous acid
NO), Nitrate fon HNOy Nitrie acid
PO Phosphate {on H,PO, Phosphorte avid
SO, Sulfiee jon H.S0, Sullurouy acid
S0, Sulfare fon H.50, “Sulfuric avid
Cl0 Hypechlorite fon HEIO “Hypochlarous ackd
([0 1 Chlokfre jon HCIO, Chlorouy acid
ClOy Chlorate ion HCI0, Chloric acid »
o, Perchlorate jon HCI0, Perchloric actd
Binary Compound Acid Solution
HBr(g), hydrogen bromide hydrobromic acid, HBrlag)
HF(g), hydrogen fluoride hydrofluoric acid, HF (ag)

(Q)Selenium has an Qxgacid H.SeQ. _called selenic acid. What is

ool i T e S Sl e gt S o gl il e AT T e s T T e s o n s A iy




D. oMW hlddg) + INaWndd ) — INda DU dd ) = UL

HC,H;0:(aq) + Na*{ag) + OH (ag) — Na'tag) + C.H;0, (ag) + H;OU/)
HC,H;0,4(aq) + OH (ag) — C,H;0, (agq) + H,0(/)

c. NH;(aq) + HCl(aq) — NH,Cl(aq)

lonic: NHs(aq) + H*(aq) + Cl-(aq) — NH,*(aq) + CI-
(aq)

NVPRE WEEK PiectidRfes o “Hol88Lilar form”

v Many ways to make Pbl,

1. PH(NQ4)s(aq) + 2Kl(ag) — Pbly(s) + 2KNGy(aq

Different starting reagents Same net ionic equation

Pb?*(aq) + 2|-(ag) — Pbly(s) &

Exercise 4.2 Write complete ionic and net ionic equations for
each of the following molecular equations.

- 2!1’}0/3(3‘?} + Mg(OH),(s) = 2H,0(/) + ‘M_gﬂ(N/%z{aQ}
lonic:

2H*(aq) + 2NOy4 (aq) + Mg(OH),(s) = 2H,0(/) + Mg** (aq) + 2NO;’
(aq)

Net lonic:
2H*(aq) + Mg(OH),(s) = 2H,0(/) + Mg?* (aq)

b. Pb(NO,),(aq) + N4,50,(aq) > PbSO(s) + 2NaNG)(aq)

lonic:
Pb?*(aq) + 2NO; (aq) + 2Na*(aq) + SO,*(aq) = PbSO,(s) +
2Na*(aq) + 2NO,(aq)

Net lonic:
Pb?*(aq) + SO, (aq) = PbSO,(s)

(Q) Write the correct ionic equation for each:

PO(NG,);(aq) + 2KH,I04(aq) — PO )(s) + 2NFNG(aq)

Pb2*(aqg) + 2NO5;(aqg) + 2NH,*(aqg) + 2105 (ag) —
Pb(I05),(s) + 2NH,*(ag) + 2NO;(aqg)

2N4CI (aq) + Hg,(ND5), (aq) — 2MaNG; (ag) + Hg,Cly (5)

2Na*(aq) + 2CI(aqg) + Hg,**(aqg) + 2NO5(aq) —
2Na*(aq) + 2NO5;(aq) + Hg,Cl,(s)




(Q) Consider the following reaction :
52504(.5':;) + BaCIz(aq) — 2NaCl(ag) ¥ oo Ve (B
Write the correct ionic equation.

A.2Na*(ag) + SO, (ag) + Ba?*(ag) + Cl,>(ag) —
2Na*(ag) + 2Cl~(ag) + BaSO,(s)

B. 2Na*(aq) + SO,*(aq) + Ba?*(aq) + %gl4aq)
v = 2Na+(a.:;) + 2CIH (aq) + 83504(5)

C. 2Na*(aq) + SO,%(aq) + Baz’f(aq) + Clz (aq)
2Na*(ag)+ 2Cl(ag) + Ba%*(s) + SO,2(s)

D. Ba2*(ag) + SO,4(ag) — BaSO,(s)
E. Ba2*(ag) + SO,% (ag) — Ba?*(s) + SO,2(s)

Consider the following m lar equation:
Mzsoq(aq) + Ba(CH;CO,),(ag) —

T 2NH,CHAeO,(aq) + BaSO(s
Write the correct IEE ionic equation.
A.Ba?t(aq) + SO (aqg) — BaSO,(s)
B.2NH,*(aq) + 2CH,CO,(ag) — 2NH,CH;CO,(s)
C.Ba?*(aqg) + SO, (ag) — BaSO,(aq)

D.2NH,*(aq) + Ba?*(aqg) + SO,>(aq) + 2CH,CO,(ag) —
2NH,*(aq) + 2CH,C0O, (aqg) + BaSO,(s)

E. 2NH,*(aq) + 2CH,CO,~(ag) — 2NH,CH,CO,(aq)

What is the net ionic equation for the following
reaction?

Molecular equation
Mg(OH),(s) + 2HC,H;0,(ag) —>
Mg(C,H;0,),(ag) + 2H,0
lonic equation
Mg(OH),(s) + 2HC,H;0,(aq) —>
Mg#*(ag) + 2H,0 + 2C,H;0,7(aq)
« There are NO spectator ions!
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between compounds that, when written as a molecular
equation, appears to involve the exchange of parts between
the two reactants

Y1 oo VE [

Example 4.3 Deciding Whether a Precipitation Reaction Occurs

For each of the following, decide whether a precipitation
reaction occurs. If it does, write the balanced molecular
equation and then the net ionic equation. If no reaction occurs,
write the compounds followed by an arrow and then NR (no
reaction).

a. Aqueous solutions of sodium chloride and iron(ll) nitrate are
mixed.

NaCl + Fe(NO,), = NaNO, + FeCl, (not balanced)

Z2NaCl + Fe(NO,), = 2NaNO, + FeCl, (balanced)

soluble soluble soluble  soluble
2Na* + 2CI" + Fe?* + 2NO,;” = 2Na* + 2NO,™ + Fe?* + 2CI°

NaCl(aq) + Fe(NO;),(ag) 2> NR

b. Aqueous solutions of aluminum sulfate and sodium
hydroxide are mixed.

Al,(S0O,); + NaOH = Al(OH); + Na,SO, (not balanced)
Al,(SO,); + 6NaOH - 2AI(OH), + 3Na,SO, (balanced)

2A1* (ag) + 3807=(aq) + 6Na*(ag) + 60H ~ (aq) —
2AI(OH),(s) + 6Na*tag) + 31SO>tag)

AlP*(ag) + 30H (aq) = Al(OH)4(s)

24

4.4 Acid—Base Reactions

v" Acids have sour taste. Bases have bitter taste & soapy feel.

v An acid-base indicator is a dye used to distinguish
between acidic and basic solutions by means of color
chanoe



HeSon, +2 KON 3 Kasoy + 2t

(1) H59% + KoH — kHSOy + the (5%::] )
@ L HS0y + -2 —2 i’—'-*z,gﬂ‘u.f.— Hao (WLwt_)

@H"mwmu i J“C’Hf;mﬁ — #H‘a“wﬂl + H2G,
R + HIBY sk vob™ = LT Heoi- 4 Lho
RE &+ 20" o o “u

ot W

@ LHEQ” o + wt‘f“y _-_;-#1@1"1(:;”?} + f’"’fl%}fl

o N s _J[. - =
B 4 WS KTy ol T —> 2K 4 5Oy + Mo
HSO" &+ o~ — So 2~ + Hao N

+» Acid-Base Reactions with Gas Formation

Na,CO;(aq) + 2HCl(ag) — 2NaCl(ag) + H,0(1) + CO,(g)
H,COs{aq)

Net ionic eqn. CO;* (aq) + 2H*(aq) —> H,O(/) + CO4(g)

2 &
CO5*(ag) + 2H;0+(ag) —> H,COx(ag) + 2H,0() — 3H,0()) + COx(g)

Table 4.4 Some lonic Compounds That Evolve Gases When Treated with Acids

lonic Compound Gas  Example
Carbonate (C0:7) 0y Ny 00y + 2HEl— 2Nafl + H.0 + €05
Sulfite (S0:7 ) S0 NS0, + ZHCT— 2NaCl + HLO + S0,
Sulficte (87 H:S Nuax§ + H.50; — Na:50; + HaS

34

Example 4.6 Writing an Equation for a Reaction with Gas Formation

(Q)Write the molecular equation and the net ionic equation for
the reaction of zinc sulfide with hydrochloric acid.

ZnS(s) + 2HCKagq) — ZnCl(ag) + H,S(g)
ZnS(s) + 2H*(aq) + 2CH(ag) — Zn**(ag) + 2CHtag) + H,S(g)
ZnS(s) + 2H*(ag) —> Zn**(aq) + H,S(g)

Exercise 4.7 Write the molecular equation and the net ionic
equation for the reaction of calcium carbonate with nitric acid.

CaCQO; (s)* 2HNO; (aq) = Ca(NO;), (ag)+ H,CO4(aqg)

CaCO,(s)* 2H*(aqg) +2NO,(aq) =
Ca? + 2NOy(aq)+ H;O(l) + CO,(g)

CaCO,(s)+ 2H'(aq) > Ca?* + H,0(1) + CO,(g)
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» Oxidation-Number Rules:

Table 4.5 Rules for Assigning Diidation Numbers - . -

Riile Applies to Statement

I Elements, The oxidation number of i atom in an element is zero.

2 Monatomic ions The oxidation nimber of an atom in a monatomie ion-equals the charge on the ion.

3 Oxypen The oxidation number of oxveen 15 =2 in most of its compounds {An egcqun_li{y_n 5 O in
H.0 anad other peroxides, where the oxidation numberis —1.)

4 Hydrogen The oxidation mumber of bydrogen is 41 in mostof its compounds. (The oxidation
number of hydrogenis —1in binary compounds with a metal, such as Calla)

5 Halogens The oxidation number of luonne s — 1 m all of its ca_}lnp(]uud_& Euch of the other halog

{Cl, Br. Iy has an exidation number of =1 in binary compounds: except when the oth
clement 15 another halogen abeve it in the periodic table or the other element 5 oxvi

b Compounds The sum of the oxidation numbers of the atomsin & compound is zero. The sum of the
and ions oxidation numbers of the gtoms in a polvatomic ion cauals the chargs on the ion.
Examples:

SO,

HCIO,:

CIOG—:

K,Cr,05: 2 &

MnQO, e ' 4

» Describing Oxidation—Reduction Reactions
lé‘}e(.?] + éiﬁ*{aq} — ls;ez““(aq} + C?u{s}

We can write this reaction in terms of two half-reactions

0 2

Fe(s) — Iz‘cz*(aq) + 2e” (electrons lost by Fe)

C+f13+(c.=q) + 2~ — Cgu(s) (electrons gained by Cu?
oxidation

&2 +2 0
Fe(s) + Cu**(aq) — Fe**(ag) + Cu(s)
reducing  oxidizing
agent agent

reduction

» Some Common Oxidation—Reduction Reactions

Q % ® 0
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PV oo )+ (B

4.6 Balancing Simple Oxidation-Reduction Equations

(Q) Apply the half-reaction method to balance the following
equation: Mg(s) + No(g) = MgsN,(s)

o, -

Mag(s) + Na(g) — MeNa(s)

Mg —> Mg** + 2¢~ (balanced oxidation half-reaction)

N; + 6e- —> 2N*~ (balanced reduction half-reaction)

3% (Mg — Mg** + 2e)
1 X (N; + 66~ — 2N*7)
3IMg + N, + be~ — 3Mg?t + 2N~ + pe”

3Mg + N, — 3Mg>* + 2N*-

3Mg(s) + Ni(g) > Mgz Na(s)

4.66 Balance the following oxidation—reduction reactions by the
half-reaction method.
a. Fel,;(aqg) + Mg(s) = Fe(s) + Mgl,(aq)

Mg — Mg?* + 2e~  (oxidation half-reaction)
Fe3* +3e~— Fe  (reduction half-reaction)

3 x (Mg —» Mg?* + 2e7)
2 x (Fe3* + 3e~ — Fe)
2Fe’* + 3Mg + 6e~ — 2Fe + 3Mg?* + 6e~

2Fe3* + 3Mg — 2Fe + 3Mg?*

2Fel;(aq) + 3Mg(s) — 2Fe(s) + 3Mgl,(aq)




Mg — Mg?* + 2e~  (oxidation half-reaction)
Fe3*+ 3e” — Fe (reduction half-reaction)

3 x (Mg — Mg?* + 2e7)
2 x (Fe® + 3e~ — Fe)
2Fe® + 3Mg + 6e~ — 2Fe + 3Mg?* + e~

2Fe’* + 3Mg — 2Fe + 3Mg?*

2Fel,(aq) + 3Mg(s) —» 2Fe(s) + 3Mgl.(aq)

4.7 Molar Concentration . moles of solute
Molarity (M) = - :
liters of solution

(Q) A sample of NaNO, weighing 0.38 g is placed in a 50.0 mL
volumetric flask. The flask is then filled with water to the mark on
the neck. What is the molarity of the resulting solution?

4.47 X 107 mol NaNO;
50.0 % 103 L soln

Molarity = = 0.089 M NaNO,

4.8 Diluting Solutions M; X Vi= My X ¥y

(Q)You are given a solution of 14.8 M NH,. How many miilliliters of
this solution do you require to give 100.0 mL of 1.00 M NH; ?

, _ 1.00 M X 100.0 mL
? 14.8 M

v Number of moles does not change

= 6.76 mL

(Q) What is the molar concentration of Na* in a solution made by
dissolving 1.59 g of Na,CQO; (molar mass = 106g/mol) in 100 mL
H,0?

= (4
b =l - 22X 13 4
159 — A
5 B TRl

4.9 Gravimetric Analysis

is a type of quantitative analysis in which the amount of a
species in a materiakis-getennines-byeonweriing the species to
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25 mLof 0.5 M -
75mLof 0.3 M ‘

n 1013|: {25 X 10-3 X 05 } + (?5 X 10-‘3 X 03 )
v total ™ (25 + ?5})( 10-3
M totat =N total  V o™

4.140 Potassium hydrogen phthalate (abbreviated as KHP) has the molecular
formula KHCzH,O, and a molar mass of 204.22 g/mol. KHP has one acidic
hydrogen. A solid sample of KHP is dissolved in 50 mL of water and titrated

to the equivalence point with 22.90 mL of a 0.5010 M NaOH solution. How
many grams of KHP were used in the titration?

1-6{ ?;50.[5

oM. it T [0°

4.74 What is the volume (in milliliters) of 0.100 M H,S0O, containing 0.949 g
H.S0, (98.07 g/mol)?

26




S ¥
_ ‘Mass (g)
‘No of Moles =
o
f=
6.022 x 10*3 atom
‘No of Atoms = No of Moles x
Dk By molir mass Diviie by IV,
- miash particles X —l L — = mol
glmol 6,022 % 107 particles
. Particles
Grams Moles Aloins
S Mnl:;gng-.
 Multiply by molir miss Muliiphy by Ny, __ | Formila units
mal ¥ (gfmol) =g T QHEI o [ particles ] = particles
1 maal
o n i | o 1 k= | '\..Hl'
foRre\D R T S

i - ! olerale O
5 3.¢ J oY L ' Mo
Lolir\o {_é; e e 4

oy

(Q) How many molecules are there in a 3. 46-_g sampie of

hydrogen chloride, HCI?

[ Ee——- ook 568 e g’ rowepkl

Me = 143552365 Y
= molecules oF HEl = 1 + Ny
: gy
- 246 | £ DDxND welandes
359
i 4
= q"-],: + &

— T
= S:Flxwa

(Q) How many S atoms are there in 16.3 g of §7?

- ey |
My, =32 ge= we N
dkeaas o = =
L5
- V2, le22xlD
Al
23y
= =

O w0 orswmb

(Q) How many molecules are there in a 3.46-g sample of
hydrogen chloride, HCI?

1 mol HCI
36.5 g HCI

3.46 g HCI

i 6.022 x 1022 HCI molecules _
1 mol HCI molecules -

(Q) How many S atoms are there in 16.3 g of S?

Tmol S
32198

23
16.3g9S x 6.022 x 10+ S atoms

1 mol S atoms

. £
paigca el



1mol S 6.022 x 102 S atoms

16.3g S
639 321gS A 1 mol S atoms

A oo W) (B

Example 3.3 Calculating the Mass of an Atom or
Molecule

a. What is the mass in grams of one chlorine atom, CI?
b. What is the mass in grams of one HCI molecule?

Vike - vhew s see o of abems and peoleitles = Emer b

Vgl 1 ot
& o
¥
& (=& o
3 L 3
A 2
y ih
vt | o s =
-~ - i ’ ——
622 1 | B abdt =
a) - Thet
(#5) 12
,f "o
_ e
[l
2 ! 1o

(Q) How much, in grams, do 8.85 x 10%* atoms of zinc
weigh? My = goy

A 349x10%g . 2890S | ied - 96l 3o
(B)961 g o

Lo2iy O

C.445¢g
D.5.33x 1047 g
E.147g
8_85)(1024%;;%{ Lol Jx[ﬁs.zuanJ
6.022 %107 atons 1 met™
=961gZn

(Q) How many hydrogen atoms are present in 25.6 g of urea
[(NH,),CO]? molar mass of urea = 60.06 g/mol.

grams of urea——moles of urea——moles of H——atoms of H

1 mol (8] ~ 23
; : 3 4 metH 6.022<10°° H atoms
25.6 g | Q= . .,




\gtotal) {05462 /]

% Composition of O

90 x100% = 0904590 %1 eA oo 1 LB % |
g total 0.5462 g
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(Q) a.Calculate the mass percentages of the elements in
formaldehyde (CH,O) molar mass = 30g/mol

=

120 g

F =

NnC= - X 100% = 40.0%

X 1000 = 6.73%
% O = 16/30 x100% =53.3%
% O = 100% — (40.0% + 6.73%) = 53.3%

b. How many grams of carbon are there in 83.5 g of CH,0%

CH,O is 40.0% C, so the mass of carbon in 83.5 g CH,O i
83.5gX0400=33.4g

(Q) Calculate the mass percentages of the elements in H,PO,
molar mass = 97.99 g/mol

3(1.008 g) H
97.99 g H3PO,
op=—30979P 1600, -31.61%

97.99 g H3PO,
_ 4(16.00g) O

 97.99 g HyPO,

%oH= %x100% = 3.086%

%0 x100% =65.31%

20

Empirical Formula = = 1 =2l
— Simplest ratio of atoms of each element in compound
— Obtained from experimental analysis of compound
Molecular Formula



e.g., 43.64% P and 56.36% O
3. From Combustion Data
+ Given masses of combustion products

e.g., The combustion of a 5.217 g sample nf a comnniind
of C, H, and O in pure oxygen gave £/ .o V¢
7.406 g CO, and 4.512 g of H,O

22

1. Empirical Formula from Mass Data

When a 0.1156-g sample of a compound was
analyzed, it was found to contain 0.04470 g-of.C,

0.01875 g of H, and 0.05215 g of N. Calculate the
empirical formula of this compound. ——

Step 1: Calculate moles of each substance

1mol C
0.04470 Llmele o 3
TEx 12.0119€ 3.722 x 103 mol C
1 molH
0.0187 PO -2
50K x T 1.860 x 10 moI:Ii
00521590 x MmN _ 353 103 mol N
' 14.0067gN 7% i

S

23

Step 2: Select the smallest numberof moles  772°7~

if..fiﬂaév-"
e Smallest is 3.722 x 103 mole T.’ff;fi
5 Mole ratio Integer ratio |¢a-'x:
& a-g=7
- 3.722x10" mol C _ 1.000 e

~ 3.722x10% mol C

1.860x10% mol H
sl RN yaey =B

T 3.722x10°molC
-3
=3.T".'23:~<10_3 rrmIN= 1.000 - 1
3.722x10" mol C
Step 3: Divide all number of moles by the smallest
one moleculor  Rormale
Empirical formula = CH;N e woloC mass malcdor

mlor poés Qepiricol
Heae ,md#pg_ the empiriaal forpds a
vy kb Fo buwd He molecdor fomda

=N

2. Empirical Formula from Percentage

Composition
Calculate the empirical formula of a compound whose



* sl "

=
N =3T2X100moIN g g
3.722x10* mol C

Step 3: Divide all number of moles by
one walscular weves
Empirical formula = CHsN i pass mdasdor
o molor oéé Mi'{"lm‘»

Hae mudliphy the eimpiricol fomma ,,
v Yo biud He molecdor fagula

2. Empirical Formula from Percentage
Composition
Calculate the empirical formula of a compound whose
percentage composition data is 43.64% P and 56.36% O.
If the molar mass is determined to be 283.9 g/mol, what
is the molecular formula? moleculor mass

Step 1: Assume 100 g of compound
=43.64gP 1mol P=3097g
=56.36g 0 1mol0O=16.00g

1mol P _
4364@%309?% =1.409 mol P
1mol O
56.36 —— =
o % 16.00 9Q 3.523 mol O s

Step 2: Divide by smallest number of moles
1.409molP

1.000 ”
1.409molP ~ 3547 o
\& ]
3.523mol O G,
=2.500 k
1.409 mol P r}; “%‘5
Step 3: Multiple to get integers
1.000 x 2 = 2
2500x2=5 At ampoc

Empirical formula = P,0, _ _ 2231
lesou ar ?’m‘mula Pl! % ;
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(Q) Ascorbic acid (vitamin C) is composed of 40.92 percent
carbon (C), 4.58 percent hydrogen (H), and 54.50 percent
oxygen (O) by mass. Determine its empirical formula.

Assume YoU NQUE e = 1 @ 2



Lo, O
Oaa

Ni(g) + 3Ha(g) — 2NHi(g)

N}_ + _-"-H-l — ENHI EA L;J‘"a r‘h [:]E]

| molecule N, + 3 molecules Hy, — 2 molecules NH; [ . }

ImolMN;, + 3molH; —— 2mol NH; {molar interpretation)

2B0gN, + 3X202gH, — 2X 17.0gNH,; (miass interpretation)
35

Example 3.13

Relating the Quantity of Reactant to Quantity of Product

In the following reaction: .

Fe2 4(8) + 3CO(g) = 2Fe{5) + 3COE(Q}

How many grams of Fe(s) can be produced from 1.00 kg
Fe,04?

Molar masses are: Fe = 55.8 g/mol and Fe,0;= 160 g/mol

Solution The calculation is as follows:

1 molFe 0, 2 motFe . 558gFe

1.00 X 10° g FesO; X ot i - "~ 698 gF
BTN T 160 g FesO; 1 motFei0;  ImotFe o
r L . | ol e @) - 2 sl Fa ;,'.-;_)'
c*..;.:l L '-:';- > K E
2556 9 49F ]

= T4

Example 3.14

Relating the Quantities of Two Reactants (or Two Products)
In the following reaction:

4HCI{aq) + MnOz( ) = 2H,0(/) + MnCl,(aq) + Cl,(g), How
many grams of HCI react with 5.00 g of MnO,, according to
this equation? Molar masses are: MnO.,=86.9g/mol
&HCI=36.5 g/mol

| molMnO, 4 mebHCI " 36,5 g HCI

5.00 g MnO; X — = = = 8.40 g HCI
= *7 869 gMnO; | mobMnO, | metHCI g
2 Yol A — |al WD,
e & LT M
g hg o = %21
oy hel > B8Y
2 fog HE
ST —
37

Exercise 3.16 oxygen can be prepared by heating
mercury(ll) oxide, HgO. Mercury metal is the other product.
If 6.47 g of oxygen is collected, how many grams of mercury



aFLI=00.0 g/imol

500 o MO % | melMn0, G 4 mobHCI " 36.5 g HCI
00 g MO,

— 8.40 g HCI

Exercise 3.16 oxygen can be prepared by heating

mercury(ll) oxide, HgO. Mercury metal is the other product.

If 6.47 g of oxygen is collected, how many grams of mercury

metal are also produced?

Molar masses are: 0,=32.00g/mol &Hg=200.59 g/mol
2HgO — 2Hg + O,

.-,.-:-.-:; : ke i <y z .
. A G 2 L"

I mol O, e 2 mol He g 200.59 g Hg
32000, 1molQ, I mol Hg

6,47 ¢ O x =81.11=8I.1 gHg
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How many grams of Al,O; are produced when 41.5
g Al react? Molar masses are: Al=26.98g/mol
Al,045=101.96g/mol

2Al(s) + Fe,04(s) — Al 03(5) + 2Fe(/)
-:'A 178.4 g AL 1 wd AL
B.157 g 2eobdgy 210173
C.314g i il
D.22.0g e

E.11.0g
a1 SM[ 1 MmotALQ; | 101.96 g Al O
26.98 934l )| 2 mokAl 1 MotALQ,;

=78.4¢ A|203

19

How many grams of sodium dichromate are required to
produce 24.7 g iron(III) chloride from the following
reaction? Molar masses are: FeCl;=162.2 g/mol
Na,Cr,0, =262.0 g/mol

14HCI+Na,Cr,0,+6FeCl, —2CrCl; +7H,0+:FeCl; + 2NaCl
‘A, 6.64 g Na,Cr,0,

B A AT o Rle ™ O - v ¥ )
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Example 3.15 Calculatlng W‘Ith a L.Elﬂll‘lng Reactant (Inveiwng
Moles) 3k O o LA iLe 3k
Zinc metal reacts with hydrochlonc amd by the followmg
reaction: If 0.30 mol Zn is added to a solution containing 0.52
mol HCI, how many moles of H, are produced? .

Zn{s} + 2HCI(aq} —) ZnCIz{aq} + Hg(g)

P B
28

ol

3.91 Potassium superoxide, KO,, is used in rebreathing gas ™™
masks to generate oxygen. If a reaction vessel contains 0.25
mol KO, and 0.15 mol H,O, what is the limiting reactant? How
many moles of oxygen can be produced?

4KO,(s) + 2H,0(/) = 4KOH(s) + 30.(q)

Virtad Lt b L-f

fi [ =i

ik '_'_.
41 g 8
= i gl L

Calculating with a Limiting Reactant (Involving Masses)
3.96 Hydrogen cyanide, HCN, is prepared from ammonia,

air, and natural gas (CH,) by the following process:

2NH,(g) + 30,(g) + 2CH,(g) > 2HCN(g) + 6H,0(g)

If a reaction vessel contains 11.5 g NH;, 12.0g O,, and 10.5 g
CH,, what is the maximum mass in grams of hydrogen
cyanide that could be made, assuming the reaction goes to
completion as written? Molar masses are: NHy=17 g/mol, O,
0,=32 g/mol, CH, =16 g/moal  #cl =279l

2NHy(g) + 30,(g) + 2CH,(g) > 2HCN(g)+ 6H,0(g)

[24 s —=2 8 I.-1'- He 42

" | actual yield
‘_‘q\;eoretica] yield

X 100%

Percentage yield =

* Example 3.14
Relating the Quantities of Two Reactants (or Two Products)
In the following reaction;
4HCl{ag) + MnO,is) - 2H,0() + MnCla{ag) + Clulg), How TR :
many grams of HCI react with 5.00 g of MnO,, according to Wnal HE = Lol tht,
this equalion? Molar masses are: Mn(Q,=862g/mol
&HCI=38.5 gimal Ify

| mol MIO: |, 4mobHCI _ 3.5 g HOl

AU & Milasi®™y 2 6o MIi5



&HCI=36.5 gimol - : iy ghti— =13

| mobMIE:  dmotHCE | 365 g HOI Yafid = 235

5,00 5 M : SR SRR L g0 g HOY
B X S M0, | mol MG, | mel HCI L
—

= g0 a

3.97 Aspirin (acetylsalicylic acid) is prepared by heating salicylic
acid, C,H.O,, with acetic anhydride, C,H.O,. The other

product is acetic acid, C,H,0,. What is the theoretical yield (in
grams) of aspirin, C¢H;0,,when 2.00 g of salicylic acid is heated
with 4.00 g of acetic anhydride? If the actual yield of aspirin is

1.86 g, what is the percentage yield?  salicylic 138.12
C7HgO:+ CH05 2 CH O, + C,H, 0, _3cid, GHO, gimol
Qe j & acetic anhydride, 102.09
g Bl C4H,0; glmol
Aspirin, C,H;0, 180.16
295 glmol

1 .-a.'.*rl: f e | o i

:.. i-’f"' ‘: - J-'\"i i -:\.-.' = g o -:- -l--l- s
gt :
e § 3
¥ = :_' R

(Q) When 6.40 g of CH,OH was mixed with 10.2 g of
O, and ignited, 6.12 g of CO, was obtained. What was

the percentage yield of CO,? CH,OH 32.04
2CH,0H + 30,—» 2CO, + 4H,0 gimal
A o, 32.00
o e 3 gimol
co, 44.01
ol gimal
" H,0 18.02
gimol
; = 9567
¢ & / 43

(Q) When 6.40 g of CH,OH was mixed with 10.2
g of O and ignited, 6.12 g of CO, was obtained.
What was the percentage yield of CO,?

2CH,OH + 30, — 2C0O, + 4H,0
MM(g/mol) (32.04) (32.00) (44.01) (18.02)

A. 6.12%
B. 8.79% 6.40 g CH30H =

C. 100%
D. 142% = 9.59 g 0, needed; CH,OH limiting

E.69.6%

1 mol CH3OH 3 mol CO, ol 32.0090,;
32.04g CH3DH 2molCH;0H 1 mol 0,

lmoICH30H 2mol CO, 44.01950;

6.40 g CH;OH x
O 35 04 g CHZ0H ~ 2mol CHzOH ~ 1mol €O,

= 8.79 g CO, in theory

6.12g CDE actual
8.79 g CO, theory

100 % =69.6%

46
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Q) For each calculation, give the answer to the correct
number of significant figures.

1.100g+1.03g+0.243g= 11.3gor
1.13 x 10' g
2. 19.556 °C-19.552°C=  0.004 °C or
4 x 10-3°C

3. 327.5mx 452 m= 1480.3 = 1.48 x 10° m?

4. 159859+ 24.12mL= 0.6627 g/mL or
6.627 x 10! g/mL

K}

Q) When the expression,
412.272 + 0.00031 - 1.00797 + 0.000024 + 12.8
is evaluated, the result should be expressed as:

A. 424.06

B. 424.064364
C. 424.1

D. 424.064

E. 424

2

Q) For the following calculations, give the answer to
the correct number of significant figures.

(71.359 m - 71.357 m) _ (0.002 m)
1. (3.25 x 3.67 5) (11.744 s*)

= (0.002/12)=(1.666 x 10~ ) =2 x 10~ m/s?

2. (13.674cm x 4.35cm x 0.35¢cm )
(856 s + 1531.1 s)

Q % ® h
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SianificantEi inGaloulat
Madblationss L Diviei

» Number of significant figures in answer =
number of significant figures in least precise
measurement

e.g., 10.54 x 314 x 16.987 =5621.9 = 5.62x10?
4 sig. figs. x 3 sig. figs. x 5 sig. figs. = 3 sig. figs.

e.g., 5.896 + 0.008 =737 = 7x10?
4 sig. figs. = 1 sig. fig. = 1 sig. fig.

Give the value of the following calculation to the
correct number of significant figures.

[635 4 % 0.0045 }
2.3589

A. 1.21213

B. 1.212

C. 1.212132774
;o

E. 1

Significant Figures in Calculations

Additi 4 Subtracti

» Answer has same number of decimal places as
quantity with fewest number of decimal
places.

e.g., 129753 4 decimal places
+319.5 1 decimal place
+ 4,398 3 decimal places
336.9 1 decimal place
e.g., 397 0 decimal places

- 273.15 2 decimal places
124 0 decimal place




N x 107
N’is non zero n is a positive or
Single digit number negative integer
(1-10) 10 is not included

2l

Rules-for-SianificantEi

1. All non-zero numbers are significant.
e.g., 3.456 has (4 sig. figs)

2. Zeros between non-zero numbers
are significant.

e.g., 20089 has (5 sig. figs)
Can be written as or 2.0089 x 104 (5 sig. figs)
3. Trailing zeros always count as significant if

number has decimal point
e.g., 500. or 5.00 x 10? has 3 sig. figs

22

Rules for Significant Figures

4. Final zeros on number without decimal point are
- Not significant

Or We don't know how many significant numbers
e.g., 104956000 Q) 10056 ??
(more than one answer) 521369 ??
Final zeros to right of decimal point are significant
e.g., 3.00 has 3 siqg. figs.

6. Leading zeros, to left of first nonzero digit, are
never counted as significant

e.g., 0.00012 or 1.2 x 10~ has 2 sig. figs.

13

How many significant figures does each of the
following numbers have?

Scientific Notation # of Sig. Figs.

1. 413.97 4,1397 x 102 5
2. 0.0006 6 x 10~ 1
3. 5.120063 5.120063 7
4. 161000 More than one answer
5 3600. 3.600 x 103 B
N x 1071
N is a single n is a positive or

Non-zero digit negative integer
24
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36.00 in x( ﬁ J=
A 3 f:t 12 1.
B. 3.0 ft
C. 3.00 ft.
D. 3.000 ft.
E. 3.00000 ft.

35

Q) For the following calculation, give the answer
to the correct number of significant figures.
(14.5cm x 12.334 cm)

(2.223 cm - 1.04 cm) Rounding
int diat
A. 179 cm? (178.843 cm’) '":1:1,: .')a :
B.1.18 cm =179/1.18
C.151.2 cm =151.694
D. 151 cm =ine
E. 178.843 cm? s Sl
l 3 sig.fig.
=151

36

Note: Do not round intermediate answers !

Perform the following calculations and round the answers

1o the correct number of significant figures (units of mea-

surement have been omitted).

. 2.568 X 5.8
4.186

¢. 3.38 - 301 d. 4.18 — 58.16 X (3.38 - 3.01)

b. 541 — 0.398

a=36
b= 5.01
c=0.37

=.17

a7




(1 km = 1000 m) < (1 km? = (1000)® m?)
(1m=100cm) < 1 m? = (100)° cm?
1L =1000 mL=1000 cm?

Ve oo ¥ [

3 3 3 3
5 it L0OPRE . _(WOPE 1L

1 km? 1m? 1000 cm?

1km?=10%L

KL

Density
» Ratio of object’s mass to its volume
. mass m
N = |°°F
* Units (depends on what units we use for mass
and volume.
—~g/mL or g/cm?

-0Org/L or kg/L

31

» A student weighs a piece of gold that has a
volume of 11.02 cm? of gold. She finds the mass
to be 212 g. What is the density of gold?

del
%

d=—2129 _ 19.3g/cm?

11.02 cm’
Another student has a piece of gold with a
volume of 1.00 cm3. What does it weigh?19.3 g

What if it were 2.00 cm? in volume? 38.6 g

32

(Q) If the density of an object is 2.87 x 10 Ibs/cubic inch, what
is its density jog/ml.2(11h =454 g 1 inch = 2.54 cm)
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e Common laboratory thermometers are marked in
Celsius scale
e How to convert to Kelvin scale

¥e o 1€ (T
K = 0C + 273.15 =

373.15 K =100 °C

* Amounts to adding 273.15 to Celsius
temperature

Example: What is the Kelvin temperature of a
solution at 25 °C?

T =(25 "C+273.15°C) % =298 K

1. Convert 121 °F to the Celsius scale.

Bc o0
OF = 2 x0C + 32 t, =(t, -32 °F) EEOIEE
t(.=(12I”F-32°F)[5 CJ = 49 °C
9°F
2. Convert 121 °F to the Kelvin scale.
— We already have in °C so...
I K I K
Ty =(ts+273.15°C)——=(49+273.15°C)——
k =t )IQC ( )]"C
T, =322K

3. Convert 77 K to the Celsius scale.
1°C
1K

R=(G42BASC) L b= (T -27315K)
1°C _ oo
t=(77K-27315 K" = -196 °C

4. Convert 77 K to the Fahrenheit scale.
— We already have in °C so

£ 202 Pl 166 %) 22 m 331 o
* = {53 -

15




1mol S 6.022 x 102 S atoms

16.3g S
639 321gS A 1 mol S atoms

A oo W) (B

Example 3.3 Calculating the Mass of an Atom or
Molecule

a. What is the mass in grams of one chlorine atom, CI?
b. What is the mass in grams of one HCI molecule?

Vike - vhew s see o of abems and peoleitles = Emer b

Vgl 1 ot
& o
¥
& (=& o
3 L 3
A 2
y ih
vt | o s =
-~ - i ’ ——
622 1 | B abdt =
a) - Thet
(#5) 12
,f "o
_ e
[l
2 ! 1o

(Q) How much, in grams, do 8.85 x 10%* atoms of zinc
weigh? My = goy

A 349x10%g . 2890S | ied - 96l 3o
(B)961 g o

Lo2iy O

C.445¢g
D.5.33x 1047 g
E.147g
8_85)(1024%;;%{ Lol Jx[ﬁs.zuanJ
6.022 %107 atons 1 met™
=961gZn

(Q) How many hydrogen atoms are present in 25.6 g of urea
[(NH,),CO]? molar mass of urea = 60.06 g/mol.

grams of urea——moles of urea——moles of H——atoms of H

1 mol (8] ~ 23
; : 3 4 metH 6.022<10°° H atoms
25.6 g | Q= . .,




S ¥
_ ‘Mass (g)
‘No of Moles =
o
f=
6.022 x 10*3 atom
‘No of Atoms = No of Moles x
Dk By molir mass Diviie by IV,
- miash particles X —l L — = mol
glmol 6,022 % 107 particles
. Particles
Grams Moles Aloins
S Mnl:;gng-.
 Multiply by molir miss Muliiphy by Ny, __ | Formila units
mal ¥ (gfmol) =g T QHEI o [ particles ] = particles
1 maal
o n i | o 1 k= | '\..Hl'
foRre\D R T S

i - ! olerale O
5 3.¢ J oY L ' Mo
Lolir\o {_é; e e 4

oy

(Q) How many molecules are there in a 3. 46-_g sampie of

hydrogen chloride, HCI?

[ Ee——- ook 568 e g’ rowepkl

Me = 143552365 Y
= molecules oF HEl = 1 + Ny
: gy
- 246 | £ DDxND welandes
359
i 4
= q"-],: + &

— T
= S:Flxwa

(Q) How many S atoms are there in 16.3 g of §7?

- ey |
My, =32 ge= we N
dkeaas o = =
L5
- V2, le22xlD
Al
23y
= =

O w0 orswmb

(Q) How many molecules are there in a 3.46-g sample of
hydrogen chloride, HCI?

1 mol HCI
36.5 g HCI

3.46 g HCI

i 6.022 x 1022 HCI molecules _
1 mol HCI molecules -

(Q) How many S atoms are there in 16.3 g of S?

Tmol S
32198

23
16.3g9S x 6.022 x 10+ S atoms

1 mol S atoms

. £
paigca el



* sl "

=
N =3T2X100moIN g g
3.722x10* mol C

Step 3: Divide all number of moles by
one walscular weves
Empirical formula = CHsN i pass mdasdor
o molor oéé Mi'{"lm‘»

Hae mudliphy the eimpiricol fomma ,,
v Yo biud He molecdor fagula

2. Empirical Formula from Percentage
Composition
Calculate the empirical formula of a compound whose
percentage composition data is 43.64% P and 56.36% O.
If the molar mass is determined to be 283.9 g/mol, what
is the molecular formula? moleculor mass

Step 1: Assume 100 g of compound
=43.64gP 1mol P=3097g
=56.36g 0 1mol0O=16.00g

1mol P _
4364@%309?% =1.409 mol P
1mol O
56.36 —— =
o % 16.00 9Q 3.523 mol O s

Step 2: Divide by smallest number of moles
1.409molP

1.000 ”
1.409molP ~ 3547 o
\& ]
3.523mol O G,
=2.500 k
1.409 mol P r}; “%‘5
Step 3: Multiple to get integers
1.000 x 2 = 2
2500x2=5 At ampoc

Empirical formula = P,0, _ _ 2231
lesou ar ?’m‘mula Pl! % ;

26

(Q) Ascorbic acid (vitamin C) is composed of 40.92 percent
carbon (C), 4.58 percent hydrogen (H), and 54.50 percent
oxygen (O) by mass. Determine its empirical formula.

Assume YoU NQUE e = 1 @ 2



\gtotal) {05462 /]

% Composition of O

90 x100% = 0904590 %1 eA oo 1 LB % |
g total 0.5462 g

18

(Q) a.Calculate the mass percentages of the elements in
formaldehyde (CH,O) molar mass = 30g/mol

=

120 g

F =

NnC= - X 100% = 40.0%

X 1000 = 6.73%
% O = 16/30 x100% =53.3%
% O = 100% — (40.0% + 6.73%) = 53.3%

b. How many grams of carbon are there in 83.5 g of CH,0%

CH,O is 40.0% C, so the mass of carbon in 83.5 g CH,O i
83.5gX0400=33.4g

(Q) Calculate the mass percentages of the elements in H,PO,
molar mass = 97.99 g/mol

3(1.008 g) H
97.99 g H3PO,
op=—30979P 1600, -31.61%

97.99 g H3PO,
_ 4(16.00g) O

 97.99 g HyPO,

%oH= %x100% = 3.086%

%0 x100% =65.31%

20

Empirical Formula = = 1 =2l
— Simplest ratio of atoms of each element in compound
— Obtained from experimental analysis of compound
Molecular Formula



e.g., 43.64% P and 56.36% O
3. From Combustion Data
+ Given masses of combustion products

e.g., The combustion of a 5.217 g sample nf a comnniind
of C, H, and O in pure oxygen gave £/ .o V¢
7.406 g CO, and 4.512 g of H,O

22

1. Empirical Formula from Mass Data

When a 0.1156-g sample of a compound was
analyzed, it was found to contain 0.04470 g-of.C,

0.01875 g of H, and 0.05215 g of N. Calculate the
empirical formula of this compound. ——

Step 1: Calculate moles of each substance

1mol C
0.04470 Llmele o 3
TEx 12.0119€ 3.722 x 103 mol C
1 molH
0.0187 PO -2
50K x T 1.860 x 10 moI:Ii
00521590 x MmN _ 353 103 mol N
' 14.0067gN 7% i

S

23

Step 2: Select the smallest numberof moles  772°7~

if..fiﬂaév-"
e Smallest is 3.722 x 103 mole T.’ff;fi
5 Mole ratio Integer ratio |¢a-'x:
& a-g=7
- 3.722x10" mol C _ 1.000 e

~ 3.722x10% mol C

1.860x10% mol H
sl RN yaey =B

T 3.722x10°molC
-3
=3.T".'23:~<10_3 rrmIN= 1.000 - 1
3.722x10" mol C
Step 3: Divide all number of moles by the smallest
one moleculor  Rormale
Empirical formula = CH;N e woloC mass malcdor

mlor poés Qepiricol
Heae ,md#pg_ the empiriaal forpds a
vy kb Fo buwd He molecdor fomda

=N

2. Empirical Formula from Percentage

Composition
Calculate the empirical formula of a compound whose



aFLI=00.0 g/imol

500 o MO % | melMn0, G 4 mobHCI " 36.5 g HCI
00 g MO,

— 8.40 g HCI

Exercise 3.16 oxygen can be prepared by heating

mercury(ll) oxide, HgO. Mercury metal is the other product.

If 6.47 g of oxygen is collected, how many grams of mercury

metal are also produced?

Molar masses are: 0,=32.00g/mol &Hg=200.59 g/mol
2HgO — 2Hg + O,

.-,.-:-.-:; : ke i <y z .
. A G 2 L"

I mol O, e 2 mol He g 200.59 g Hg
32000, 1molQ, I mol Hg

6,47 ¢ O x =81.11=8I.1 gHg

38

How many grams of Al,O; are produced when 41.5
g Al react? Molar masses are: Al=26.98g/mol
Al,045=101.96g/mol

2Al(s) + Fe,04(s) — Al 03(5) + 2Fe(/)
-:'A 178.4 g AL 1 wd AL
B.157 g 2eobdgy 210173
C.314g i il
D.22.0g e

E.11.0g
a1 SM[ 1 MmotALQ; | 101.96 g Al O
26.98 934l )| 2 mokAl 1 MotALQ,;

=78.4¢ A|203

19

How many grams of sodium dichromate are required to
produce 24.7 g iron(III) chloride from the following
reaction? Molar masses are: FeCl;=162.2 g/mol
Na,Cr,0, =262.0 g/mol

14HCI+Na,Cr,0,+6FeCl, —2CrCl; +7H,0+:FeCl; + 2NaCl
‘A, 6.64 g Na,Cr,0,

B A AT o Rle ™ O - v ¥ )
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Example 3.15 Calculatlng W‘Ith a L.Elﬂll‘lng Reactant (Inveiwng
Moles) 3k O o LA iLe 3k
Zinc metal reacts with hydrochlonc amd by the followmg
reaction: If 0.30 mol Zn is added to a solution containing 0.52
mol HCI, how many moles of H, are produced? .

Zn{s} + 2HCI(aq} —) ZnCIz{aq} + Hg(g)

P B
28

ol

3.91 Potassium superoxide, KO,, is used in rebreathing gas ™™
masks to generate oxygen. If a reaction vessel contains 0.25
mol KO, and 0.15 mol H,O, what is the limiting reactant? How
many moles of oxygen can be produced?

4KO,(s) + 2H,0(/) = 4KOH(s) + 30.(q)

Virtad Lt b L-f

fi [ =i

ik '_'_.
41 g 8
= i gl L

Calculating with a Limiting Reactant (Involving Masses)
3.96 Hydrogen cyanide, HCN, is prepared from ammonia,

air, and natural gas (CH,) by the following process:

2NH,(g) + 30,(g) + 2CH,(g) > 2HCN(g) + 6H,0(g)

If a reaction vessel contains 11.5 g NH;, 12.0g O,, and 10.5 g
CH,, what is the maximum mass in grams of hydrogen
cyanide that could be made, assuming the reaction goes to
completion as written? Molar masses are: NHy=17 g/mol, O,
0,=32 g/mol, CH, =16 g/moal  #cl =279l

2NHy(g) + 30,(g) + 2CH,(g) > 2HCN(g)+ 6H,0(g)

[24 s —=2 8 I.-1'- He 42

" | actual yield
‘_‘q\;eoretica] yield

X 100%

Percentage yield =

* Example 3.14
Relating the Quantities of Two Reactants (or Two Products)
In the following reaction;
4HCl{ag) + MnO,is) - 2H,0() + MnCla{ag) + Clulg), How TR :
many grams of HCI react with 5.00 g of MnO,, according to Wnal HE = Lol tht,
this equalion? Molar masses are: Mn(Q,=862g/mol
&HCI=38.5 gimal Ify

| mol MIO: |, 4mobHCI _ 3.5 g HOl

AU & Milasi®™y 2 6o MIi5



Lo, O
Oaa

Ni(g) + 3Ha(g) — 2NHi(g)

N}_ + _-"-H-l — ENHI EA L;J‘"a r‘h [:]E]

| molecule N, + 3 molecules Hy, — 2 molecules NH; [ . }

ImolMN;, + 3molH; —— 2mol NH; {molar interpretation)

2B0gN, + 3X202gH, — 2X 17.0gNH,; (miass interpretation)
35

Example 3.13

Relating the Quantity of Reactant to Quantity of Product

In the following reaction: .

Fe2 4(8) + 3CO(g) = 2Fe{5) + 3COE(Q}

How many grams of Fe(s) can be produced from 1.00 kg
Fe,04?

Molar masses are: Fe = 55.8 g/mol and Fe,0;= 160 g/mol

Solution The calculation is as follows:

1 molFe 0, 2 motFe . 558gFe

1.00 X 10° g FesO; X ot i - "~ 698 gF
BTN T 160 g FesO; 1 motFei0;  ImotFe o
r L . | ol e @) - 2 sl Fa ;,'.-;_)'
c*..;.:l L '-:';- > K E
2556 9 49F ]

= T4

Example 3.14

Relating the Quantities of Two Reactants (or Two Products)
In the following reaction:

4HCI{aq) + MnOz( ) = 2H,0(/) + MnCl,(aq) + Cl,(g), How
many grams of HCI react with 5.00 g of MnO,, according to
this equation? Molar masses are: MnO.,=86.9g/mol
&HCI=36.5 g/mol

| molMnO, 4 mebHCI " 36,5 g HCI

5.00 g MnO; X — = = = 8.40 g HCI
= *7 869 gMnO; | mobMnO, | metHCI g
2 Yol A — |al WD,
e & LT M
g hg o = %21
oy hel > B8Y
2 fog HE
ST —
37

Exercise 3.16 oxygen can be prepared by heating
mercury(ll) oxide, HgO. Mercury metal is the other product.
If 6.47 g of oxygen is collected, how many grams of mercury



&HCI=36.5 gimol - : iy ghti— =13

| mobMIE:  dmotHCE | 365 g HOI Yafid = 235

5,00 5 M : SR SRR L g0 g HOY
B X S M0, | mol MG, | mel HCI L
—

= g0 a

3.97 Aspirin (acetylsalicylic acid) is prepared by heating salicylic
acid, C,H.O,, with acetic anhydride, C,H.O,. The other

product is acetic acid, C,H,0,. What is the theoretical yield (in
grams) of aspirin, C¢H;0,,when 2.00 g of salicylic acid is heated
with 4.00 g of acetic anhydride? If the actual yield of aspirin is

1.86 g, what is the percentage yield?  salicylic 138.12
C7HgO:+ CH05 2 CH O, + C,H, 0, _3cid, GHO, gimol
Qe j & acetic anhydride, 102.09
g Bl C4H,0; glmol
Aspirin, C,H;0, 180.16
295 glmol
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(Q) When 6.40 g of CH,OH was mixed with 10.2 g of
O, and ignited, 6.12 g of CO, was obtained. What was

the percentage yield of CO,? CH,OH 32.04
2CH,0H + 30,—» 2CO, + 4H,0 gimal
A o, 32.00
o e 3 gimol
co, 44.01
ol gimal
" H,0 18.02
gimol
; = 9567
¢ & / 43

(Q) When 6.40 g of CH,OH was mixed with 10.2
g of O and ignited, 6.12 g of CO, was obtained.
What was the percentage yield of CO,?

2CH,OH + 30, — 2C0O, + 4H,0
MM(g/mol) (32.04) (32.00) (44.01) (18.02)

A. 6.12%
B. 8.79% 6.40 g CH30H =

C. 100%
D. 142% = 9.59 g 0, needed; CH,OH limiting

E.69.6%

1 mol CH3OH 3 mol CO, ol 32.0090,;
32.04g CH3DH 2molCH;0H 1 mol 0,

lmoICH30H 2mol CO, 44.01950;

6.40 g CH;OH x
O 35 04 g CHZ0H ~ 2mol CHzOH ~ 1mol €O,

= 8.79 g CO, in theory

6.12g CDE actual
8.79 g CO, theory

100 % =69.6%
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CGroup ;; \—;: SA H_;;— H—‘;—'
NF, not F;N
H,S not SH,
SbH, not H,Sb 18

» Rules for Naming Binary Molecular Compounds

1. The name of the compound has the elements in the order
given in the previous formula.

2. Name the first element using the exact element name.

3. Name the second element by writing the stem name of the

element with the suffix -ide

4. You add a prefix, derived from the Greek, to each element

name to denote the subscript of the element in the formula.

Note: the prefix mono- is not used, unless it is needed to

distinguish two compounds of the same two elements.

Examples: Femett BECEHMPNRISIBEOOF
N,O, dinitrogentrioxide ©rour A 4 A 6A T

HCI hydrogen chloride NOT monohydrogen monochloride

CO carbon monoxide

CO, carbon dioxide

SF, sulfur tetrafluoride ClO, chlorine dioxide

SFg  sulfur hexafluoride Cl,0; dichlorine heptoxide’

H,S dihydrogen sulfide common name: hydrogen sulfide
NO nitrogen monoxide common name: nitric oxide

H.O water

NH; ammonia

NO, nitrogen dioxide

N,O dinitrogen monoxide

N,O, dinitrogen tetroxide

P,O¢ tetraphosphorus hexoxide
Cl,O4 dichlorine hexoxide

PCl, phosphorus trichloride
PCly phosphorus pentachloride

disulfur dichloride S,Cl,
tetraphosphorus trisulfide P.S,
carbon disulfide CS,
sulfur trioxide SO,

20




PClI, phosphorus pentachloride
disulfur dichloride S,Cl,
tetraphosphorus trisulfide P,S,
carbon disulfide CS,
sulfur trioxide SO, Yo ;o YY (B
20
nitrogen dioxide Chlorine monofluoride
Boron trifluoride Hydrogen selenide
Or dihydrogen selenide
GaBry o« Gallium (Ill) bromide -
GeBr, .- wi o Germanium tetrabromide W e
CaBr, . <. Calcium bromide
Hg,(NO,),.H,0O Mercury(l) nitrite monohydrate
lnddrats 21

» Acids and Corresponding Anions

Anion Suffix  Acid Suffix
: HNO, = nitraic anion therefore nitric acid
-cire [ i
L. L K
- o HN(), == nitrite anion therefore nitris acid
ik T
ne w ous
Table 2.8 Some Oxcanions and Their Correspondin
CO& Carbonate for HiCO, Carbonic aefd
NOy Nitrite ion HNO, Nitrous acid
NO, Nitrase fon HNO, Nitric acid
PO Phosphate fon H PO, Phosphorie acid
SO, Sulfire ion H.50, Sulfurous acid
SO, Sullure fon H,580, - Sulfuric acid
Clo Hypochlorite ion HCIO Hupochloreus ackd
Cl0y Chlorite ion HCIO, Chlorous aeid
ClOy Chlorate ion HCIO, Chlorie actd 2
0, Perchlorate ion HCI0, FPerchlorie avtd
Binary Compound Acid Solution HOg)  hyvdrogen chloride

HBr(g), hydrogen bromide
HF(g), hydrogen fluoride

hyvdrobromic acid, HBr{ag)
hvdrofluoric acid, HF(ag)

(Q)Selenium has an wmlc acid. What is
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Thallium(Il) nitrate TI(NO5),

(Q) Which is the correct name for Cu,S?
A. copper sulfide

copper(ll) sulfide

copper(ll) sulfate

copper(l) sulfide

copper(l) sulfite

moow

(Q) Which is the correct formula for ammonium sulfite?
A. NH,SO,

B. (NH,),SO,

C. (NH,),S0O,

D. NH,S

E. (NH,),S

(Q) Name the following compounds:
(a) Fe(NO;),
(b) NazHPD4 Jiom i hoiddropes et

(€) (NH)AC0,)  iresiom avie

(Q)Write chemical formulas for the following compounds;
(a) cesium sulfide

(b) calcium phosphate <+

» Naming Hydrates

1.Name ionic compound
2.Give number of water molecules in formula using Greek

14

prefixes

TABLE 26 |
Greek Prefixes for

Ca(S0,).2H,0 calcium sulfate dihydrate Naming Compounds
Prefix

CoCl,.6H,0O cobalt(ll) chloride hexahydrate : o

Fely;:3H,0 iron(lll) iodide trihydrate i :

-4 Tetra

Fe(NO,);.9H,0  iron(lll) nitrite nonahydrate s penta-
6 hexa-

7 hepta-




