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3.1 Molecular Weight and For‘r:n_ula/Wew, Lonic compound
molecular weight (MW) of a substance is: the sum of the atomic

weights of all the atoms in a|molecule]of the substance. :’f”
ample: H,0, is 18.0 amu (D
Amount of

(2x 1.0 amu +16.0 amu) =18 amu =  Molar Mase 20 = 18 9/mol

w— slbstance
< Molar Mase *_‘_Jzamic weight / wmass

formula weight (FW) of a substance is: the sum of the atomic
weights of all atoms in afformula unit|of the compound, whether

molecular or not

/Example: NaCl, has a formula weight of 58.44 amu
(22.99 amu + 35.45 amu) = 58.44 amu = Molar Mase Nacl = 58.94 g/mol

Molecuvlar weight = formula weight
Molar macse = Molecuvlar weight
-

S
%e)ﬂawef}mmdez 2




Molecuvlar Mass = formule Mass

Molar Mase (g\mol) = molecvlar wight (amu) = formula wight (amu)




%)6mple 3.1 Calculating the Formula Weight from a Formula
alculate the formula weight of each of the following to three

significant figures, using a table of atomic weights (AW): el
Aa. chloroform, CHCI, b.Jiron(lll) sulfate, Fe,(SO,),.
1 X AMof C = 12.0 amu
Molar Mase —» Periodic tabl
]l X AMof H = AT IASE [ PRHIOEE 2050 1.0 amu
3IXAMof Cl = 3 X 3545 amu = 106.4 amu
FM of CHCl; = 119.4 amu—sMolecolar weight = \\Q owtt
666668 8§66
Molar Mase — Periodic table @ . () ) w30
B. ‘ C _ | , [ decimal places )
2XAMotFe = 2X55.8amu=111.6amu welght‘b J£T go alty Seo @—
IXAMof S = 3 X 32.1amu= 96.3 amu p v R
. - , eriodic table
IX4XAMof O =12 X 16.00amu = 192.0 amu
FM of Fe,(SO,);= 399.9 amu-» Formula wight =p l(.oox\()z

amw
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\Egélse 3.1 Calculate the formula weights of the following | See Problems 3.27
ompounds, using a table of atomic weights. Give the answers\_, and 3.28. B
to three significant figures. |a. nitrogen dioxide, NO-| ' Tonic compound I AN
b. glucose, C¢H,O4; |c. sodium hydroxide, NaOH; | : CHem

|d. magnesium-hydroxide; Mg(OH),. !

A.) NO2 = v _( \x\u.oo;z)+ C) MaOl - Ma _ (1« 20.089)
0 ( 2x15.99) 0o_ Cixwaa)’
N, (W« Lo®) T

46.005 - 46.0 (amu)

B) Cb"i206= C — (6 x 1200)
o (12« 1) + D) '{8(0“)2 = r‘lg_,(j,,“gq_g)-f
0. (& xi5w)” 0 (2¢159%)
W, (2.1) +
120 (amu)




Exam}ﬁZ Calculating the Formula Weight from Molecular Models

Gaimg Mastery Toolbox For the following two compounds, write the molecular formula and calculate the e O

Critical Concept 3.2 formula weight to four significant figures: N
; Q

A molecular model depicts the number

and type of each atom present in the Ian e compo«hd CH&M

A. WaOgq - 1 _ (241,008) 2. VR h— (11009
C 0 _, (25 6.a00) * | Molecudan formuda ) —, (1 xW. oo?)
Molecular o) q4qq
W 3"'0\"' (amu) IPRE ) _’(3“5 )

_ == niric acid

nydrogen peroxide 63.012 (amu)

Exerc‘i;fm:or the following compounds, write the molecular S 8 ( i e 39 04)
form¥la and calculate the formula weight to three significant A . O
S Culur trioxide Sulfuric acid Me&aculkx/u | E "0 (8x5.9m) *

as‘ ? BHQSOQ _ u_, (211) .
© @38’\9 S _, (1«320) Qg.1(amy)

. 0 (4« :5.qqqf/




3.2 The Mole Concept

A
The Mole (mol)§ A unit to count numbers of particles -

A mole (symbol mol) is defined as the quantity of a
given substance that contains as many molecules or 6.022 x10%
formula units as the number of atoms in exactly 12 g of

CAIonzl2 1 mole of Na2C03 containg 6.02* 10 (23) ClIons
1 mol = N, =6.0221415x 1022 = Avogadro’s number &

Sodivm carbonate
1 mole|of Na,CO, contains 6.02 x 1023 Na,CO;|units Dozen =12

A
1 mole{of Na,CO; contains|2x/6.02 x 1023 Na*[ions g@

1 mole|of Na,CO; contains 6.02 x 1023 CO,%ions

molar mass*of a substance is the mass of one mole of the

substance. ((1 mole of carbon = 729/0))
C has a_molar mass of exactly 12 g/mol, = Atomic Macs (amu )

|C,HsOH|has a molar mass of exactly 46.1 g/mol  Ethane! °

And hac a molecular weight of exactly 46.1 amu




> Mole Calculations 2.4 Fumpe L

) A chemist determines from the amounts of elements that

0.0654 mol Znl, can form.(How many grams of|zinc iodide|is this?

molar mass of Znl, is 319 g/mol

Number of moles = mass(g) / molar mass

# O.065Yy(ml) = Has 9) =» )Oq‘j
39 (almo\.)

Number of
moles (mol)=
Macs(g)

Molar Mase

?ﬁn a preparation rxn., 45.6 g of|lead(ll) chromate

IS obtained

s a precipitate. How many moles of[PbCrO,|is this? E vample 3.5

molar mass of PbCrO, = 323 g/mol

. Number of mole (mol) = JI‘S.G @) = , 1y mol
323 (§/ma))

I CHem



Very imporfant O
O NA = 6.022* 10 (23)
l
(M) X o N ) x Ma
Mags [9}0\) p > | Mole (mol) , | & = 2
X Hm @ -_|—
Na| |
. Hows
~LQV®)¢ atem:;wwr
(N ) Hot many
Number of atoms e
Mole (mol) )
| X ﬂm QB)
T > |Mags (9)6
Deshe quaniity ‘) (M)
Ratio = number of mole B M ®

number of mole A

T 6.022 %10



volume of solution?

v N202 - 0-90q ?n:)l im 1.00L

*MM(\'\&O‘I) — m M

—\./I/Im

A

7(rcise 3.4|Hydrogen peroxide, H,0O,] is a colorless liquid. A
concentrated solution of it is used as a source of oxygen for rocket
propellant fuels. Dilute aqueous solutions are used as a bleach.
Analysis of a solution shows that it contains 0.909 mol H,O, in
1.00 L of solution. What is the mass of hydrogen peroxide in this

See Problems 3.37,
3.38,3.39, and 3.40. I JRPS

Hm = H - ( D-”,(D%)_.,
W02
O —, (2x 5 49)

Mm = 33qqq afmol,

ercise 3.5 [Nitric acid, HNOj is a colorless, corrosive liquid
used in the manufacture of nitrogen fertilizers and explosives. In

sample containing 28.5 g of nitric acid was poured into a beaker.

How many moles of HNO; are there in this sample of nitric

acid?

v Wos _, 28 5

n-M_

s Vow mamy mols Ry [ 4t

[

|

I

. . . . . I

an experiment to develop new explosives for mining operations, a |
|

|

|

|

I

—

0.Us2 (mo)

See Problems 3.41
and 3.42.

Som = “_, ('*\.m%).*
e Mo, CLeMoo?)
03 _, (3 x I5.099)

Mm= 63 .00\ %,W\o\



(Q{How ’Fnany molecules are there in a 3.46-g sample of

hydrogen chloride, HCI? "
* o|CD'L mahh =

3' 23 1 i
) + ( 1x35.453)
1"’0[ bt ( );6 453 +8/ \ moles [mo/}=
Mumber o& ﬂo[%- ) .095 9. ' "o
095« 6.022 xlo™_ s )-H L34m _Mas’r[g)

MHm  36.U53 (g/mdl) Molar Mase
.0949164 — |, 095 1l

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

0.572 x 10 molecule

I
s 1 mol __,6,022,(\0’3 Holon map) = 32 065 9)mo|.
9.
U\MM‘;ULG& Holex - 9 ,U=—ﬂ_ 2> 16.309 _
0.503 x §.022x0” - m 32.065(3 ) mol)
3.061x10" dlom \v .05 8§ mol




yd

I

\F}/cise 3.6 |Hydrogen cyanide, HCN] is a volatile, |
olorless liquid with the odor of certain fruit pits (such :
as peach and cherry pits). The compound is highly |
poisonous. How many molecules are there in 56 mg :
HCN, the average toxic dose? |

See Problems 3.45, 3.46, 3.47,
and 3.48.

% (HCND Wow mony Holeade ? ;56 mg HCN)

0 7

Hﬂbb(%))(; 1YYIOL " UA _

Hw (WD) q

-2
\0!563 * ! x 6092 x10
910!?3

2 (1. 2uge 10 ? dom

Mm (ReN) = i, Gy xy)
Coxvaon) *
Vo Ox .0t ©

271.01¢ g | mol




Example 3.3 Calculating the Mass of an Atom or Molecule
. What is the mass in grams of one chlorine atom, CI? :
b. What is the mass in grams of one HCI molecule? Iem

A) . M = Lobom(@) ,  1mdl fin L

M 6.092z|o%tom“25 ) gl - sau0y
i i Nm (HeL)
B) /V__ = VV\O&C(AIZ X YYIOL X(Zb ug o -23
- = 6.052x 10
Mo 6029 107 el = 6052y

Mm (HeL) = (‘x‘) + (I X 35.‘45) =16 ys cd/mol,



[
jKrcise 3.3 a. What is the mass in grams of a | See Problems 3.33, 3.34, 3.35, ;
calcium atom, Ca? b. What is the mass in grams | and 3.36. Ié'ﬂ.m

of an ethanol molecule, C,H;OH? :

‘Ca 10\fom Ca « 1 X ‘lOO?O3 = 6.664 |0-2(83)
602?“0 Mwm eL

Mm Colspl

‘Ca‘_\sou 1molcw\e L 1 (4.010) =F~l.65x lo -2?(8)

6020 /

Mm (Cabs0l) o C- (axaon)
= (bt ) *
- (lx st

4g. 02l (%lmo\,)




.@ﬁ-low much, in grams, do 8.85 x 10%* atoms of zinc weigh?
A.3.49 x 109 g

B.961g
C.445¢
D. 5.33 x 1047 g
E.147¢

8.85 x10>*atorrs x( 1 ‘”10213 jx(@ 41 g12nj

=961 g Zn



l(;Z{HOW many hydrogen atoms are present in 25.6 g of urea "
(NH;),C0]? molar mass of urea = 60.06 g/mol. oL o> 5l #p| 6

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

@e&mqmymt%
1W 23
25.6 g (NHy);CO - )2 x 4 metH 6.022x10°° H atoms

" 60.06 g (NHyJ;CO 1W 1 motH
=/1.03 x 1024 H atoms \(i“}mcf““"w

10



Calculate the number of moles of calcium in 2.53 moles of
a3(PO,),

A. 2.53 mol Ca

B. 0.432 mol Ca

C. 3.00 mol Ca

D. 7.59 mol Ca

E. 0.843 mol Ca
2.53 moles of Ca,;(PO,),=? mol Ca
3 mol Ca < 1 mol Ca;(PO,),

3 molCa
2.53 molCa
Q) [1 mo%@\%]

=7.59 mol Ca

11



A sample of|sodium carbonate, Na,CO,,|is found to contain
10.8 moles of sodium. How many moles of oxygen atoms (O)
are present in the sample?

A.10.8 mol O

B.7.20 mol O

C.5.40mol O

D. 32.4 mol O

E. 16.2 mol O
10.8 moles of Na=? mol O
2 mol Na < 3 mol O

3mol()j
2 medNa

10.8ﬁn-1~Na(

=16.2 mol O



@/How many g of iron are required to use up all of 25.6 g of
oxygen atoms (O) to form Fe,O;?

A.59.6 g
B. 29.8 g mass O - mol O - mol Fe - mass Fe
C.89.4¢ 25690 — ?gFe
D.134 g
E. 5249 3 mol O < 2 mol Fe
25.6 Q x 1 metQ y 2 motke y 55.845gFe
16.09Q) |\ 3melo 1 mekFe

=59.6 g Fe

13



ﬁ?’}élver Is often found in nature as the ore, argentite (Ag,S).
ow many grams of pure silver can be obtained from a 836 g
rock of argentite?

A.775g mass Ag,S — mol Ag,S —» mol Ag —» mass Ag

B.728 ¢ 836 g Ag,S —» ? g Ad
C. 364 g
D. 775 1 mol Ag,S < 2 mol Ag
E. 418 g
1 mol Ag,S 2 otAg 107.9 g Ag
336 S X = |x X
27! (247.8 g}g§§] (lmol AgZSj ( | TokAg j

14




> Percentage Composition 3.3 T
% by mass of element = MEES @F EJEME: x 100%

mass of sample
ﬁ{ample: A sample of a liquid with a mass of 8.657 g was

decomposed into its elements and gave 5.217 g of carbon,
0.9620 g of hydrogen, and 2.478 g of oxygen.
What is the percentage composition of this compound?

< g C >= 100% = 22279C  100% =60.26% C

g total 8.6574 4
gH -100% = 0.9620gH x100% = 11.11% H
go =100% = 2.47890 x100% = 28.62% O

g total 8.657¢g .

Sum of percentages: 100 %



(Q)A sample was analyzed and found to contain 0.1417 g
nitrogen and 0.4045 g oxygen.
What is the percentage composition of this compound?

¥lotal sample mass = 0.1417 g + 0.4045 g = 0.5462 g

9% Composition of N

gN x100% = (0'14179ij100°/0 =25.94% N
g total 0.5462 g (
00 — 25.4ul-
9% Composition of O

G

(g?coct)alj «100% = (0642222990] «100% = 74.06% O

16



1(;?)é.Calc:ulate the mass percentages of the elements in Exawnple
rmaldehyde (CH,O) molar mass = 30g/mol b e 97

[

7.0 _—>» Molar Mase °‘.'!1"E"P’3 b5
% C = —— X 100% = 40.0% —
% C = . Y %
v H = 21018 100% = 6.73%
(}] — 30.0 g () — . 0

% O =16/30 x100% =53.3 %

% O = 100% — (400%) T 673%)) = 53.3%
Exa/mple 39 [
Ww many grams of carbon are there in 83.5 g of CH,O?

CH,0 is 40.0% C, so the mass of carbon in 83.5 g CH,O is:
83.59 X0.400=334g¢g 19 ch0 - yolC
Z Mags of element (A) = mass(A) 85 g cha0-

mass cample 17




Percentage composition 3" the masses of the sample and The clement axe given

/ Macs of element (A) M X / IOO

mass comple

(xumm@ﬁmwwwwefmmﬁ’mwﬁmm)
VTS

Mm sample *N m’"/b/e

* 5{}‘59'0"”’9%‘96’%




Ammonium nitrate, NH,NO;,

significant figures).

x MNHgo3 = Hm=r N o Q « 14.007 )
H -y (‘0 x | )
0 _, (3 «x\5.090)"

g0.oN glmol
Mm) x N (n)

.‘.

e N -

?écise 3.7 which is prepared
rom nitric acid, 1s used as a nitrogen fertilizer. Calculate the
mass percentages of the elements in ammonium nitrate (to three

See Problems 3.57,

T
|
: 3.58, 3.59, and 3.60.
|
|
|

yd

\E’écise 3.8 How many grams of nitrogen, N, are there in

a fertilizer containing 48.5 g of ammonium nitrate and no
other nitrogen-containing compound? See Exercise 3.7 for
the percentage composition of NH4NO-.

Hass (L)
powerloge ) = i =
Nass (sample)

A5xU3.5. 1730

= W.oor x 2

=035 «100/.

80 .ol 35.0 /

T - = .quq b4 ‘00/. s

M (W Do3)
> “ = HW‘L“) X M(H) i,ngu
M (N No3) 30 .0M

Mmlo) x N (0)
M (N Do3)

xO -

5.0 /
2« 15.00q
%0 .01

6.01

-
-—




(%Iculate the mass percentages of the elements in H;PO,

molar mass = 97.99 g/mol Phosphoric acid

ou=_o1:008 9) H 00 15 0360
97.99 g H3PO4

op=— 20978 F 4000, -{31.61%
97.99 g H3POy
4(16. O

%0= (16.00 g) x100% =[65.31%
97.99 g H3PO4

18
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Examgfie 3.9 Calculating the Percentages of C and H by Combustion (‘e 1'.‘(,02-)_ Cﬂ "30
Gﬁng Mastery Toolbox dﬂy C, H, and O. A 4.24-mg sample of acetic acid is completely

Critical Concept 3.9
The mass percentages of carbon and
hydrogen can be calculated from the
masses of CO, and H,0. During the
reaction, all of the carbon atoms in the
sample end up in the CO; and all of the
hydrogen atoms end up in the H;0.
Therefore, the mass of carbon in the
CO, is equal to the mass of carbon in
the sample, and the mass of hydrogen
in the H,0 is equal to the mass of
hydrogen in the sample. We cannot make
the statement that the mass of oxygen in
the H,0 and CO, is equal to the mass of
oxygen in the sample because oxygen is
both in the sample and is a reactant.
Solution Essentials:
« Elemental analysis
« Percentage composition
« Mass percentage
« Molar mass
« Dimensional analysis
« Rules for significant figures

and rounding

burned. It gives 6.21 mg of carbon dioxide and 2.54 mg of water. What is the mass
percentage of each element in acetic acid?

Problem Strategy Note that in the products of the combustion, all of the carbon
from the sample ends up in the CO,, all of the hydrogen ends up in the H,O, and the
oxygen is in both compounds. Because of this, you should concentrate first on the
carbon and hydrogen and worry about the oxygen last. If we can determine the mass
of carbon and hydrogen in the original sample, we should then be able to determine
the percentage of each of these elements present in the compound. Once we know the
mass percentages of carbon and hydrogen in the original compound, the remaining
mass percentage (100% total) must be due to oxygen. Let’s start by determining the
mass of carbon that was originally contained in the compound. You first convert the
mass of CO, to moles of CO,. Then you convert this to moles of C, noting that 1 mol
C produces 1 mol CO,. Finally, you convert to mass of C. Similarly, for hydrogen,
you convert the mass of H,O to mol H,O, then to-mol H, and finally to mass of H.
(Remember that 1 mol H,O produces 2 mol H.) Once you have the masses of C

and H, you can calculate the mass percentages. Subtract from 100% to get % O.

Solution Following is the calculation of grams C:
1 mel-€CO,
44.0 g €O,

1 motC 120¢gC
1 mol€CO, ~ 1 melC

=1.69 X 1073 g C (or 1.69 mg C)

6.21 X 107} g€0; X

For hydrogen, you note that 1 mol H,O yields 2 mol H, so you write
1 molHH,0 2 molH 1.01gH
18.0gH;0  1motH,0 1 melH
=2.85% 10~* g H (or 0.285 mg H)

2.54 X 1073 g H;0 X

You can now calculate the mass percentages of C and H in acetic acid.

Mass% C =~ 100% = 39.9%
4.24 mg

Mass%% H = 2028 o 100% = 6.72%
4.24 mg

You find the mass percentage of oxygen by subtracting the sum of these percentages
from 100%:

Mass% O = 100% — (39.9% + 6.72%) = 53.4%



G0y «— Vv CeleOe —, CoH706+ & |
ercise 3.9 A 3.87-mg sample of aseorbicvacid (vitamin C) gives | See Problems 3.63
5.80 mg CO, and 1.58 mg H,O on combustion. What is the : and 3.64. I o O

@

percentage composition of this compound (the mass percentage | CH.E M

of each element)? Ascorbic acid contains only C, H, and O. |

¥ goump\e = 3%7 mg G)l. = (11\2 .O\IB <+ “10-.(21 \) L
» CO2- 5.%0 my 4 \5 .00q)* R )
+ HO = 158 ny 44.009 glmol T e

% Voample -(C ) = (3.87-1.592- . 1755 ) 91125 "3 Hoss©

- Coa _, Has (C)Q

-3
Hoss 0o 5 000y s Lmottey, Amb e - MO0
— 1580ny: C 44009y AmdCon)  Lmol €

=p W10 __ Mass (W)8
Hos W10 15Qngs o7 » 2x L wal (W) i 1y

—v 01554 H H.9%9 @ { mol#10 1 mol W




Moss o] element

N mE 22N EmR Sk AR £ 1087 (10!
s ofthe o 3.8 ng g

o Wil - _ 1388 nq . 453,101
337 T

. O( . _a1ls.g = 545x 100/
3.83 wy Su. g

% Nole :

Hass Cor _Hl Cos —, Hol € _ Hass C
Hass HoO _, Hol Ha0 _, Hol N _, Hass M




»Determining Empirical and Molecular Formulas 3.5

Empirical Formula 8
Simplest|ratio of atoms of each element in compound

— Obtained from experimental analysis of compound
Molecular Formula §

Exact

composition of one molecule

— Exact whole number ratio of atoms of each element in
molecule

glucose

Molecular formula §|CsH,,04

Empirical formuIaSEHzO
1:2:4
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» Three Ways to Calculate Empirical Formulas

1. From Masses of Elements

e.g., 2.448 g sample of which 1.771 g is Fe and 0.677 g is O.
2. From Percentage Composition

e.g., 43.64% P and 56.36% O
3. From Combustion Data

* Given masses of combustion products

e.d., The combustion of a 5.217 g sample of a compound of
C, H, and O in pure oxygen gave
7.406 g CO, and 4.512 g of H,0

20



1. Empirical Formula from|Mass Data

When a 0.1156 g sample of a compound was
analyzed, (it was found to)contain|0.04470 glof C,
0.01875 glof H, and|0.05215 g|of N. Calculate the
empirical formula of this compound.

§}€p 1: Calculate moles of each substance /\/=%
1 molC
0.0447/ = -3
096 12.0115€ 3.722 x 103 mol C
0.01875gH x Lmolft _ 4 860 x 102 mol H
| ©71.008gH.
1 moIN

0.052159N x =3.723 x 103 mol N

21

14.0067 gN



;(ep 2: Select the smallest number of moles

e Smallest is 3.722 x 103 mole

Mole ratio Integer ratio

3.722x10° mol C
- - 1. = 1
* C 3.722%x10° mol C 000

- 1.860x10” molH _ 4997 _ 5
* H=3722x10"mol C '

- 3.723x10”° mol N

= — = 1.000 = 1
3.722x107" mol C
ep 3: Divide all number of moles by the smallest
one

Empirical formula = CH;N

22



Q
1CHem

/Esample. 3.10 s

A compound of nitrogen and oxygen is analyzed, and a sample weighing 1.587 g is

found to contain 0.483 g N and 1.104 g O. What i1s the empirical formula of the
compound?

- 0.4%%gb, 1 . ompm -
(4.00F 03442 mol
O - L.io#@O « 1 - .069004 mol - 2 =V m’-

\5.aaq O-3U8% mol

ercise 3.10 A sample of compound weighing 83.5 g contains : See Problems 3.65
33.4 g of sulfur. The rest 1s oxygen. What is the empirical formula? : and 3.66.
%0“\0\3 = %'\'0 S - 33“9: __‘_ . 1.0UIY moL -
Bsg-=- BYy +0 3.0 1.04 mol
O= 50.‘@) 0= BO‘l@x l = 3.13\’4 mol =3
\5.4aq 1.0414 mo L
Q03 Saw.s




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? _, pface of the sample reiA Lo 81
Step’1: Assume 100 g of compound/~"oowd 3 &5 mlon fas
Periodic table r» 4=
- 43.64@P 1 mol P =|30.97 g| -o+b-1= logiite
" 56.36(0) 1 mol O 516.00 g
1 molP
43.64 gRx =1.409 mol P
30.97 R
1 molO
56.36 3 x = 3.523 mol O

16.00 §Q )



Sty:{Z: Divide by smallest number of moles

1.409 mol P
1.409 mol P

3.523mol O
1.409 mol P
S\t/eﬁ 3: Multiple to getfintegers

1.000 x 2 =2
2.500x2=25

Empirical formula = P,0O,

=1.000

=2.500




Meoleculaw foumula 3 S
P- 2x %04d = 4.8 o A

4+

O= S« \5.aaq - +9. 995

\¥1. 745 g /mol o« — Mol

2%3 .4 %l\mo\. @
n)- - (2 Hanb
i . 7a5 g lmol Fotthe
émpifiCﬁQ
PQO'B x 2 = @tho Formula.
(&npmmegeme moleculan founula

_



MScorbic acid (vitamin C) is composed of 40.92(Qercentﬁw'/.
carbon (C),|4.58 percent|hydrogen (H), and|54.50 percenfjoxygen
(O) by mass. Determine its empirical formula.

Assume you have 100 g

2. 1mol C
he =40.92 g/C X —=3.407 mol C
¢ 12.01 g€

1TmolH
ny =4.58 gH x ~454 molH —2formula Cj 407H4 5403 406
" 1008 gH

1Tmol O
~54.50 g0 ~3.406 mol O
"o "16.00 g© o
3.
C:3'4O7z1 Hiﬂ=1.33 Oiﬂ=1
3.406 3.406 K 3.406

>formula C,H; 4,0, X3 > formula}C3H4O3




(N Cra0% )
romium forms compounds of various colors. (The word chromium domes from the E 3
Greek khroma, meaning “color”; see Figure 3.9.)|Sodium dichromatg 1s the most X
important commercial chromium compound, from which many other chromium A )
compounds are manufactured. It is a bright orange, crystalline substance. An analysis ™
of sodium dichromate gives the following mass percentages:|17.5% Na, 39.7% Cr,jand
42.8% O.[What is the empirical formula of this compound? (Sodium dichromate 1s

ionic, so it has no molecular formula.) Lm t
Na - ‘?5/*H0§S%amp|ev@= |1§3‘ 1 = . 16l wol Va =1:2% 2
| T 249 61 wol
Cr - 0%/ x loo -¥9.7q9, _4 = . 763 wol G - ixzv 9

] i ) ol
O - 4297 +100 - 43.99 « _14 . 248 wlO =38:2= 7

\5.0aq9

Iy 26 wl  —p Naa Cn Oy

ercise 3.11 Benzoic acid is a white, crystalline powder used as | See Problems 3.67,3.68, | ~ \

I
|
a food preservative. The compound contains 68.8% C, 5.0% H, | 3.69, and 3.70. 2’
|
|

and 26.2% O, by mass. What is its empirical formula?
. > Mass_Rample )
C- 6887100 - 84" 1 . 5728 ml -349.2 =60 3)

I 2.0M .
“= EO(O K\OO = 50 X 1\10 ® giost;b‘o;f i 3*2 ] GH6O
. : -q
O~ 9221100 = 26.9 , A __ . 40 ml . 1122 2
V6. Qqq 16%:‘.




3. Empirical Formulas fron1 Indirect Analysis:

(Combustion analysis)

Combustion Analysis
Compounds containing
carbon|,(hydrogen} and

oxygen], can be burned

completely in pure oxygen
gas.

Only carbon dioxide and
water are produced

e.d., Combustion of
methanol (CH;OH)

2CH,OH + 30, —>
2CO, + 4H,0

Classic

Oxygen

added Compound to be , Unused
here analyzed oxygen
leaves

4= . l 0= :

Q Water / . Carbon dIOXIde

absorber absorber

Modern CHN analysis

Dynamic
flash
combustion
1800 °C

Injector c°| umn




« Carbon dioxide and water are separated and weighed
separately °6

IThlnk You're °°0 o
(o)

— All C ends up as CO, °VERREAC“NGo ©o

— All H ends up as H,0

Gu’ Mass of C can be derived from amount of CO, :

i [~ mass CO, - mol CO, —» mol C — mass C

53‘::.”‘: Mass of H can be derived from amount of H,O
 mass H,O - mol H,O —- mol H - mass H

— Mass of oxygen is obtained by difference
 mass O = mass sample — (mass C + mass H)

S

27



}(?the combustion of a[5.217 g sample|of a compound of C,

, and O in pure oxygen gave[7.406 g COéland 4.512 g of
H,O| Calculate the empirical formula of the compound.

1 /Calculate mass of C from mass of CO.,. A
mass CO, - mole CO, - mole C - mass C

7.4069C02( L molCO, j( 1 molC )(12-0119C

44.01gCO, \1molCO, \ 1 molC

2/Ca|cu|ate mass of H from mass of H,0.
mass H,O - mol H,0 —- mol H - mass H

4512gH,0 1molH,0 ) 2molH [1.0089Hj =0.5049g H
18.015gH,0 \ 1 molH,O \ 1molH

?/Calculate mass of O from difference.
5.217 g sample —(2.021 g C+0.5049gH) =2.691g0

28

j =2.021gC




4. Calculate mol of each element

gC  2.021g

molC = =
MMC 12.011g/mol

gH _ 0.5049¢
MMH 1.008g/mol

10l O — gO _ 2.691¢
MMO 15.999g/mol

* Preliminary empirical formula

C .1683H0.500900.1682
S/C/aolculate mol ratio of each element

Co.1683H0.500900.1682
0.1682 0.1682 0.1682

= 0.1683 mol C

= 0.5009 mol H

=0.1682 mol O

29

= C1.00H2.9701.00

Empirical Formula = CH;0



Whe combustion of a|13.660 g sample|of a compound of C,
, and S in pure oxygen gave|19.352 g CO,|and|11.882 g of
H,0/ Calculate the empirical formula of the compound.

A. C4HypS mass CO, - mole CO, - mole C - mass C
B. CH;3S mass H,0 — mole H,0 — mole H - mass H
C.CHeS  (3) Calculate mass of S from difference
D. C2HeS4 1 mol CO, ) ImolC (12011
. gC) _
E. CH,S, 19.352 gCOz( 2 J[ ]{ j =5281gC

4401 gCO, N 1mol CO, \ 1 molC
1 mol H,O 2mol H | 1.008 gH
11.882 gH,O - ( & j =1.330g H
L) 18.015 gH,O \ 1mol H,O \ 1mol H

\/%66 g sample -5.281gC-1330gH=7.0499g S

30



5.

mol C= -85 - 22L& _ 4497 mol C
MMC 12.011 £/mol
gH 1330 £
lH — — _
mo MMH 1.008 %mol = 1.319 mol H
gS 7.049 o
1S=—2"_— , _
TP T MM 32065 Aol 7 0.2198 mol S

= Preliminary empirical formula

" Co.4497H1.31950 2198

C0.44971_1 1.319 00.2198 =C H S
02198 0.2198 0.2198 2.03" '6.00~'1.00

Empirical Formula = C,H;S
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» Determining Molecular Formula from empirical formula

-In some cases molecular and empirical formulas are the same

-When they are different, the subscripts of molecular formula are
integer multiples of those in empirical formula

— If empirical formula is A,B,
— Molecular formula will be A« Bnxy| o

N

(Q)The empirical formula of hydrazine is NH,, and its molecular
mass is 32.0. What is its molecular formula?

Atomic masses: N = 14.007; H=1.008
Molar mass of NH, = (1 x 14.01)g + (2 x 1.008) g = 16.017 g

n =(32.0/16.02) = 2
(NH,) X 2 = N,H,
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L
Y(Example 3.9, we found the percentage composition of acetic acid to be 39.9% C, I B

6.72% H, and 53.4% O. Determine the empirical formula. The molecular weight of EHEM
acetic acid was determined by experiment to be 60.0 amu. What is its molecular formula? —

| Sample mass SR

* C- XAl « 1004 - 1949 @ 1 =33l = 1 xample 3.12
. \2.01l 3 32 mo

W= 6790 c100g- 6709 . L 670 ml = 2 =CH.O

. 1,00% 3.32 mal
2xO=53.U [ < 100g- 53.U(g « \t_qqq 2333 wl =1 »GanO%

931 mol|
ﬂDlCC(MDwL PO’UKE[G= 600 g/mol
1x90u) (20), lx5.909) - 2001 > «n-= 200 g1 l’@

xercise 3.12 The percentage composition of acetaldehyde is | See Problems 3.73,
54.5% C, 9.2% H, and 36.3% O, and its molecular weight is : 3.74,3.75, and 3.76.
44 amu. Obtain the molecular formula of acetaldehyde. | Empirical and
. Sample mass
4" = qQ/ « 00 = ‘12 gy | = qQ)ml = q /mwﬂeculm
, 1 3,269 C 2l foumuta
«O =363 100 -3« L 2 269 ma = 1 )
. . q q m
*C-:‘;‘(.S/\m =85 .6 « 1 = 4537 .0l - 2 . N 439
2.0\ '7_268 yy .0l I

Holead)an Pmme[a= (2 12.0N)4 (4)) + ( 1+415.9%) = 4y 019 CsHO



» Stoichiometry:Quantitative Relations in Chemical Reactions

Molar Interpretation of a Chemical Equation

Ratio . O
@ - 0 ~ o
N>(g) + 3H:(g) —> 2NH;(g)
N, + 3H, r—p 2NH;
1 molecule N, + 3 molecules H, — 2 molecules NH; (molecular interpretation)
ImolN, + 3molH, ——> 2mol NH; (molar interpretation)
28 OgN, + 3X202gH, —> 2 X 17.0g NH; (mass interpretation)

Cy 2«1 Gﬂ) 232.0
Jsmolcm)c

)4 ' mimben

33



7

See Problems

‘Ezdcise 3.13 In an industrial process)hydrogen chloride, HCI,

s prepared by burning hydrogen gas, H,, in an atmosphere of 3.77 and 3.78. B
chlorine,.Cl,.. Write. the chemical equation.for the reaction. e®
Below the equation, give the molecular, molar, and mass CHem

interpretations.

H?. + @l.z — 2“@. 8 Chemical equation

L wolecdss Wy & 1 moleodes Cla
Jwolecadey WCL

1@\\1* Lk €l

o]e

Molecolar interpretation
T 3 Molar interpretation
2nde ML "

ix ? OQ@“Q + i\t YO.qm C'.Q — 8 Mags :‘hter,bretaﬁon
Dy 36 U4 9) HCL



3.7 Amounts of Substances in a Chemical Reaction

E)énple 3.13§m"$ Q- Lesdl= G\ BlL(g)as Ic 0
Relating the Quantity of Reactant to Quantity of Product —
In the following reaction:

Fe,04(s) + 3CO(g) = 2Fe(s) + 3CO,(g) ,
How many grams of Fe(s) can be produced from 1.00 kg Fe,O;?
Molar masses are: Fe = 55.8 g/mol and Fe,O;= 160 g/mol

Solution The calculation 1s as follows:

1 molFe,0, " 2 molFe 2 55.8 g Fe
160 g Fe;O; 1 molFe;0; 1 melFe

1.00 X 10° g Fe;0; X — 698 g Fe

w%eqmﬂmnm&t@eéaﬁamed*
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/

I
\E(e{cise 3.14 Sodium is a soft, reactive metal that instantly reacts | See Problems
ith water to give hydrogen gas and a solution of sodium hydroxide, | 3.83,3.84,3.85, B

NaOH. How many grams of sodium metal are needed to give 7.81 g ' and 3.86. e
|
|
|
|

Q
of hydrogen by this reaction? (Remember to write the balanced CHem
equation first.) —

2Ma . 220 —, Hy . 9NaOH B od
Mass Ma- ° i

7.0 ) {M"V‘( " /%"l Va . 229 @

E—

((101) imol/ Lol
79 , yp.q/. :zxgua o




I?aﬁple 3.14 ,;f'"‘
elating the Quantities of Two Reactants (or Two Products)

In the following reaction:

4HCl(aq) + MnO,(s) = 2H,0(/) + MnCl,(aq) + Cl,(g)

How many grams of HCI react with 5.00 g of MnO,, according to
this equation?

| mol-MNO, " 4 mol-HCI " 36.5 g HCI
86.9 ¢ MO, |1 molMnO, 1 melHCI

— 8.40 ¢ HCI

eE?ése 3.16 oxygen can be prepared by heating mercury(ll)
xide, HgO. Mercury metal is the other product. If 6.47 g of

oxygen is collected, how many grams of mercury metal
are also produced? 2HgO — 2Hg + O,

3. S_P/lmo‘l 2 mol Hg 200.59 ¢H \

6.47 g O, x & —81.11=81.1 gHg
32.00 g O 1 mol O, 1 mol Hg
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i%rcise 3.15 Sphalerite is ajzinc sulfide (ZnS)|mineral and an
important commercial source of zinc metal. The first step in
the processing of the ore consists of heating the sulfide with
oxygen to give zinc oxide, ZnO, and sulfur dioxide, SO,. How
many kilograms of oxygen gas combine with 5.00 X 10* g of
zinc sulfide in this reaction? (You must first write the balanced
chemical equation.)

|
|
I
|
|
|
|
|
|
|
I
|

See Problems 3.87

and 3.88.

2 Z’lg -1-309.

Z‘Zno +2@O n

I'{GQS 0 9 - ? (Mm) A Sl J"»IA J

500x10%g) 2§  Lndetl g“‘“o’

ar. 43 gy
2.46 9) 0O

2 nole)

[N



Mmany grams of Al,O; are produced when 41.5 g
Al react?

2Al(s) + Fe,05(s) — AlL,O4(s) + 2Fe(/)
A.78.4 g

B. 157 g
C.314¢ ?
D. 22.0 g /Mi:\/
E.11.0g
415 QN( j(l?nol%j(ml.%g AI203]
26.98TAI | 2 TotAl 1MotALQ;

= 78.4 g Al,O,
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w many grams of sodium dichromate are required

o produce 24.7 g iron(III) chloride from the following
reaction?

14HCI + Na,Cr,0, + 6FeCl;, —
2CrCl; + 7H,0 + 6FeCl; + 2NaCl

A. 6.64 g Na,Cr,0, 1 mot FeCl
B. 0.152 g Na,Cr,0, 247 m{wﬂ MJX

C. 8.51 g Na,Cr,0; (1@%%){262.0 gNazCr207]
D. 39.9 g Na,Cr,0, 6 mol FeCl, 1 moINa»C, 0,

E. 8.04 g Na,Cr,0, = 6.64 g Na,Cr,0O,

37



3.8 Limiting Reactant; Theoretical and Percentage Yields

ample 3.15 Calculating with a Limiting Reactant (Involving

oles) Reactant A = B there ic no fimiting reactant

Zinc metal reacts with hydrochloric acid by the following
reaction:

1Zn(s) + 2HCl(aq) >1ZnCl,(aq) +IH.(9)

If 0.30 mol Zn is added to a solution containing 0.52 moI HCI,
how many moles of H, are produced? C'oeﬁ"c'enf 'T
Th —>0%0wmoL /|1| — 30 | I wo2: /E_/, oesmi]
HCL — O-52 mol / ] _,7 H20: "5/ 015 mol/v '
‘SQWL/H&;‘L’ Q,n’:iﬂ:li".%m" Mo | || - st;izjﬁ 1335 mda
3,91 PotaSS|umX|de KO.,, is used in rebreathing gas
asks to generate oxygen.
4KO,(s) + 2H,0(/) > 4KOH(s) + 30,(9)
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?
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C'oe:??cienf 8 Exp/auation

1Bread + 3 falafel ——>] s’a\nc/wiclh

\ I
Reactant

5 bread

12 falatfel
\. gle,'L 1. g = 5 _, Bread is excese

Coefficient 1 ‘
CEN 19 - U __ Falofel ic the limiting J)
\ 3 ~ ‘,‘} S
2.8lp 2 @ Pl « L Semdiidh 4 Qe

Product

} How many sandwiches can be prodvced?

o

The  mayinum )
ma HageS Vol MokS <—ncor(,15¢al \/i&u J LS %



See Problems

I?éise 3.17 Aluminum chloride, AICl;, is used as a catalyst in
3.91 and 3.92.

arious industrial reactions. It is prepared from hydrogen chloride
gas and aluminum metal shavings.

2Al(s) + 6HCl(g) — 2AI1Cl5(s) + 3H,(g) :

Suppose a reaction vessel contains 0.15 mol Al and 0.35 mol HCI.
How many moles of AlCIl; can be prepared from this mixture?

2AL(§) + 6“CL(3) — 2ALCL3(S]+ 3“1(3)
e ASmol AL . -1 - ,015md Al
x 85mol HOL _, - & - ,0583 mol HCL

seflrd 3 2= ioniliaat
6 mw Theoretical yield

\ -

Ralis

e \‘l
E.i"
He
-




Calculating with a Limiting Reactant (Involving Masses)
3,96 Hydrogen cyanide, HCN is prepared from ammonia, /
ir, and natural gas (CH,) by the following process: _ — O

2NH. ( ) + 30,(g) + 2CH,(g) = 2HCN(g) + 6H,0O(g) hydrocyanic acid
If a reaction vessel contains 11.5 g NH,, 12.09 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? , | / Mm / gffﬁ L |
* MH3 . »\.53 N ‘14_00qF M6 mol -9 . Blml
= .0 — 1‘ s. mo\, - 3 ’.'25 MO_L-‘IW‘M"DV\
# 02 =119 3). Aq g 35 =
6. 001
35 wdC2 - 3:‘;‘{}‘3;” 25wl HOW ¢ Hw 27018
Theoretical hold 6.354 @ Hew 39




» Theoretical yield and percentage yield

B ” 1d actual yield < 100
SR = theoretical yield ’

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,.
ic,H,0, HIC,H,0, >1C,H,0, HC,H,0,

What is the theoretical yield (in grams) of aspirin, C4HgO,,

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?
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in

C7’~I602 <+ Cq NbOK._> CqHSOu + CQHQOQ

C: H603 = 2003 C)q He O3 - 4.00 g ?
Aclua) \ld = 1.8bg__, percenfagc yield

imb anl &
CzHs03 - 2009 x ) ! @szd bmqu
B e

ColeOs - 1004 x 1 = O3
02 00)  mo)

1MOL 67 Heog x(Hm)
CallgOq - -OlUd mol « (120 .05 )

‘9. 60 ?(9 mole —p Hoss) = T%(:ﬁ.mﬁ

pefw\tage yield < ‘dieu W . 1.8
) Treordlical yield (9) 27608 g
! — .13 x 100
ETED)

> S V.




When 6.40 g of CH;0H was mixed with 10.2 g of O,
nd ignited, 6.12 g of CO, was obtained. What was the
percentage yield of CO,?

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

o
A. 6.12% 6 40 @ Ch.OH, _LMOICH;OH  3mol 0,  32.0090,
B.8.79% ST 35 049 CH;0H  2molCH;0H ™ 1mol O,
C. 100% = 9.59 g O, needed; CH;OH limiting
D. 142%

1 mol CH3OH 2 mol CO, y 44.01gCO,
32.04g CH3OH 2 molCH;0H 1 molCO,

= 8.79 g CO, in theory

6.12 g CO, actual
8.79 g CO, theory

E.69.6%  6.40gCH;OHx

<100 % = 69.6%
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Example =3.16 $
JCHiCNo 10,
! !

20g 00 g
A WCiM10y = 2 (9

B. the excess Reoclant-? .
LCH3CHO . 200(gx '1")0’(

& Lmhmg 4y . i(ﬂé zmt’eugi/zno L0l O,
= 7.29 Ov <K‘.{0.0 g01) d».up,u!g)‘fjtn:

.eneess @

x 20.09 j’""l/ /HC:H:)@’» 600 @

— 27.9| ) Hei “20 2. was pfoifcyf /(
8. The excess Readoml = Oy
(Lo - 72)- 1.7 902 (moss Remaining)




‘}ércise 3.18 In an experiment, 7.36 g of zinc
was heated with 6.45 g of sulfur (Figure 3.16).

Assume that these substances react according

to th t1
o the equation AV\gu)ef = \\ O 4
8Zn + Sg —> 8ZnS

What amount of zinc sulfide was produced?

Exercise 3.19 New industrial plants for acetic acid react liquid 1 See Problems 3.97
y&ﬁmol with carbon monoxide in the presence of a catalyst. | and 3.98.

CH;0H(/) + CO(g) —> HC,H;04())

In an experiment, 15.0 g of methanol and 10.0 g of carbon
monoxide were placed in a reaction vessel. What is the
theoretical yield of acetic acid? If the actual yield is 19.1 g,

|
|
|
|
|
|
|
|
what is the percentage yield? :

Answer - A 214 g

8. At



Learnjng Objectives
olecular Weight and Formula Weight

efine the terms molecular weight and formula weight

of a substance.

= Calculate the formula weight from a formula.
Example 3.1

= Calculate the formula weight from molecular models.
Example 3.2

he Mole Concept

Define the quantity called the mole.

= Learn Avogadro’s number.

Understand how the molar mass is related to the
formula weight of a substance.

Calculate the mass of atoms and molecules. Example 3.3
Perform calculations using the mole.

= Convert from moles of substance to grams of
substance. Example 3.4

Convert from grams of substance to moles of
substance. Example 3.5

Calculate the number of molecules in a given mass of
subsgdance. Example 3.6

Mass Percentages from the Formula

Define mass percentage.

= Calculate the percentage composition of the elements in
a compound. Example 3.7

= Calcujdte the mass of an element in a given mass of

compound. Example 3.8

Elemental Analysis: Percentage of Carbon,
Hydrogen, and Oxygen

= Describe how C, H, and O combustion analysis is
d.
te the percentage of C, H, and O from

ustion data. Example 3.9

Determining Formulas

Define empirical formula.

Determine the empirical formula of a binary
compound from the masses of its elements.

Example 3.10

Determine the empirical formula from the percentage
composition. Example 3.11

Understand the relationship between the molecular
weight of a substance and its empirical formula weight.
Determine the molecular formula from the percentage
#ion and molecular weight. Example 3.12

elate the coefficients in a balanced chemical
equation to the number of molecules or moles (molar
interpretation).

Important Terms

molecular weight
formula weight

mole (mol)
Avogadro’s number (V)
molar mass

percentage composition
mass percentage

empirical (simplest) formula

stoichiometry
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= Use the coefficients in a chemical reaction to perform
calculations.

= Relate the quantities of reactant to the quantity of
product. Example 3.13

= Relate fie quantities of two reactants or two
progActs. Example 3.14

Limiting Reactant; Theoretical and Percentage Yields

Understand how a limiting reactant or limiting reagent limiting reactant (reagent)
determines the moles of product formed during a theoretical yield
chemical reaction and how much excess reactant percentage yield
remains.

= Calculate with a limiting reactant involving moles.

Example 3.15

= Calculate with a limiting reactant involving masses.
Example 3.16

= Define and calculate the theoretical yield of chemical
reactions.

= Determine the percentage yield of a chemical reaction.

Key Equations

: f A in the whol : actual yield
Mass% A = mass o7 2 1 e WHO% x 100% Percentage yield = —y X 100%
mass of the whole theoretical yield

molecular weight

" empirical formula weight






