CHAPTER 8
CHEMICAL COMPOSITION CHAPTER 9

(STOICHIOMETRY')  ~ieMicAL QUANITIES
CHAPTER 15 - part  (STOICHIOMETRY Il

(MOLARITY)

- 8,9,15




¢,50, at the end of the day, am | going to pass this course?

COURSE GRADE vs. EXAM(1-2) AVERAGE

FINAL
COURSE Exams1-3. Exams1-A.
GRADE AVERAGE: AVERAGE: Range
(Past Range Max Min
Courses)
A 105 86
B 100 63
C 86 58
D 83 50
F 74 0

n = 319 319
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CHAPTERS 8 &9
CHEMICAL COMPOSITION & QUANTITIES (STOICHIOMETRY)

TOPIC CH8 CH9
1. stoichiometry calc 205-224 249-263
2. limiting reagents — 264-272
3. % yield 225-226 —
4. % composition 227-end -
5. det’n formulas - 273-end



Stoichiometry Background
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Stoichiometry = measuring in the correct proportions
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Mother nature COUNTS: but we WEIGH




“Houston, we have a problem.”

To perform experiments, we need to be able to COUNT molecules, and to SCALE the amouints up
enough so we can see (measure) them. . . but we can’t see molecules, much less count them out.
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2H, + O, = 2H,0
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Scale-Up and Count-by-Weighing:

The Periodic Chart & Moles & Molar Masses & Avogadro’s Number

Count - l’l-) —-U'-Q-?g’m'\as

1atom C 12 amu
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1 mole C 12g

Scale-up Factor: Avogadro’s Number (6.02E23)
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Count-by-Weight Factor: Molar Mass

Ls mass of 1 mole of a substance
Ls mass of 6.02E23 parts of a substance



{ ASIDE

Just how large is a ‘mole’ of something

1 mole of stacked pennies
1 mole of seconds

1 mole of human cells

1 mole of sand

6.02E23 s .

Il

1 min . 1 hr

to moon and back . . . 100 million times

1 million ages of the supposed age of the universe
6 billion people

cover entire USA . ..2.4inches deep

L1 day Ly 1 age

? age =

60 s

6.02E23 cells .

60 min
1 body

= 054,465 ages

24 hr 365 day 2E16 yr

= 6E9 humans

? humans =

?in

_ 6.02E23 grains y 107" m? .

100E12 cells
[100¢rillion)

[6billion)

1 USA 100 e¢m g lin =237 in

1 grain

10 m*  1m 254 cm



FACTOIDS

@ “Mole” derives from word meaning “mass,” but it refers to the
number of “particles” or “bits” or “pieces” or “entities” of mass

@ Mole is one of 7 fundamental S| units

@ Definition: amount of material “discrete entities” as the number
in exactly 12 g of Carbon of Carbon-12

@ N, =AN = Avagadro's Number = 6.022 x 1023

6.022 x 107 entities or 1 mol
1 mol 6.022 x 10* entities

® Mole is just a number with a name, just like the number 12

6.022 x 10* entities ; 12 entities
1 mol " ldozen

One amu ~ mass (proton or neutron)
DEF = exactly 1/12-th of the mass of one carbon-12 atom (1 amu = 1.6604e-24 g) (p76/84)

A mole is defined as the amount of substance containing the same number of discrete entities (such as atoms,
molecules, and ions) as the number of atoms in a sample of pure 12 C weighing exactly 12 g.

T ASIDE 1



“g-mole—particles” Calculations

/ Mapping \

molar mass
(g/mol)

Whame ae o c A Yot “The ,IGLSCLIL\«; qu’«.
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AN
(6.02E23 items/mol)

= . . = keep going until unit on right is same as the unit on the le ft

let the MAP guide you along the Dimensional Analysis path



USING MOLAR MASS AND AVOGADRO’S NUMBER IN
“g—-mole—particles” CALCULATIONS

—H— ~&r @ Gro A=,

(EX) g —> atoms 'A .
¢How many\ copper atoms%re in 5.00 g of copper wire? [Whitten ex 3.5]
O atoms Cu _ (1> ggj lnaQ_ (‘U\
1
Uatoms Cu~ 5.00 g Cu Mapping
meCu _ 30, " MM

O atoms Cu 5.00 u [ 1 mole C@?

1 - 1 63.5?},26'
AN

O atoms Cu 5.00 ﬂu 1 mol /Gl{ 6.023E23 atoms Cu (6.02E23 i

1 -1 '635/94 1W \_ | : UOA

5.00gCu 1mole Cu 6.023E23 atoms Cu  4.74E22 atoms Cu
1

O atoms Cu
1 N 1 63.55 g Cu 1 mol Cu




Flight Path Analogy

« start @ 5.00 g,Cu
+ depart g,Cu —> arrive mol,Cu
+ depart mol,Cu —> arrive # particles, Cu (your destinaton)

/ Mapping \

olar mass
(g/mol)

AN

(6.02E23 items/mol) I
\ # particles

A

&toms Cu  5.009Cu
1 B 1

4.74FE22 atoms Cu

023E23 atonfs Cu
1

1 mol CuV’

1 mole Cu
63.55 g Cu




What the future holds . . .

/ Mapping \
A
C s D

molar mass
(g/mol)

AN
(6.02E23 items/mol)

# particles
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“mole-to-mole” Calculations (stoichiometry across an equation)

EX) Mole = Mole Calculation

4Calculate the number of moles of oxygen ’equired to react exactly with 4.30 moles of propane, C3H8, in
the reaction described by the following balanced equation:

[

4CHs + 50, =+ 3CO, + 4H,0

+Q}——9:::1
_ \

Lmolp,  4.30 molc, gy 5 molo, _ 21.5 molop,

1 1 1 molg, g, 1



(EX) 9,A —~ g,B
¢ Calc amount, in)grams, of water|produced from 128 g O,?

r~

*C 25 <>

[
Do Hn | 1 o2, 81§ 8w P
=2(]
\ 12298 | L ) L 8o 0100 o
Oc foo~ & A
2( (1) & p—pt

o)
128 g,0, 1mol,o, 2molwo 18g,u.0 Hy50y
O g 0= . . P " = 144 g, 10
32g,0, lmol,o, 1mol,u,o /UQOH

—



(EX) g,.B = g,A
g,Caﬁ@rams of hydrogen\that will react with 128 g O,?

E lﬂg
2 H2 +L02 2 HQO M}A

gt _(@0n | 0 2| e
‘ 13290, | 4] (3

AN
(6.02E23 items/mol

A —— B

128 g,0, 1mol,o, 2 mol,u 29,1
D g 8,0, g
yH, =

. 2 o LI :
32 g,0, lmol,o, 1mol,x, w (63”2.




General Approach for Solving Stoichiometry Problems via DA
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(EX) g,A = molecules.B *
g,Calqnumber of water molecules produced fronf 128 g O,?
iﬁog ~ 2 H,0

@ '):5IV/

Do 0 aso, | L WM0>| 7_»\.)"@7—
_— %2 902 | 5,,,1(»1 /tw“\r

¢,Galc number of water molecules produced from 128 g O,?

128 g,0, . 1 mol,o, . 2 mol,x,0 . 6.02x10% molecules, 1,0

O] molecules, o = = 4.82x10* molecules, 1,0

32g,0, 1mol,o, 1 mol, 1,0



(EX) g,A—g,B
QHOW many grams of MgO kan be formed from the combustion of 42.2 g of Mg?
- ‘

411;

Mg,V

Datgs  s22am | 1 ndls| 2 4B g i ;zaoj,go\
IR I T P R L -

(b, - ‘g(cﬁ : C(lﬁ 1&@_}.—1%:3
REPYAtS [URVIIOR

— My© @\
Ogugo _ 4229wy 1moly,  1molyo 403910 _ 700930 D))

— X —
1 1 24.3 gy 1 molyg 1 mol g0 1




% Yield

what you got
what you should'a got

«100

experimental 100 % yield =
theoretical

(EX) Calc % Yield P
¢, For the MgO reaction above, if you actually reco gO after running the experiments, what is
your percent yield?
N 2%,
-0

% yield =

337g

experimental |

% yield = *100 = «100 =48.1% (0T

theoretical qouz 945
Ef—ﬂ 90 4-5“




Limiting Reagent

M 2 bread + 1 meat — 1 sandwich
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3 Types of Limiting Reagent Problems

() determine limiting reagent
(i) determine excess reagent

{ sand

- 5 Ssad

(iii) determine amount of excess reagent left over

sy
Dses | ootbdt | (s

| 258 ord
Lok,

Dsa ks [ L
=S PN =)

Yol _ 53\%@,,},&4, 1D brand e
-1 ( [ sand
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(EX) Limiting Reagent
¢ You have 5.00 g of manganese dioxide and 7.00 g of sulfuric acid.
(@) How much water can you make?

o L0
5';/':8;?% 1

+ 2H,S0, =& MnSO, + 2 H,O

(b) If one of the materials is in excess, how much of it is left over?
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Chemical Composition

Determining Empirical And Molecular Formulas

@ )

4
>0 —‘-ﬁ’ >

MW LS X % EW
N,
S,
N

Chain (MF) is a sum of individual links (EF)

Percent Composition — 3 types of questions

() Determining Percent Composition from Formula Mass
(i) Deriving Empirical Formulas from Percent Composition
(iii) Derivation of Molecular Formulas



Molecular vs. Empirical (“Simplest”) Formula

OO . @

Chain (MF) is a sum of individual links (EF)



ZH‘— ﬂy@(oa - an nza H’

'34.07

ZD 320
34.0

X(UDT‘H'-(Z 2}

A" W
e

Chain (MF) is a sum of individual links (EF)

1(w)=1009)- 4.0y
i(o) - &Q"’c’)“ié' ds,
(?.C’}q

o



2/34+100= 5.9% H |

32/34 + 100 = 94.1% O |
2H=2 (1)= 2gH

assume 100 g sample...
20 =2(16)=32g O 59gH
34 gH,0, 94190

v

n=2 59g-°(1mol/1g)=59molH
IEOZ’2 " (HO),

94.1 g * (mol/16 g) = 5.9 mol O
73 2 Hs4050+5.9=HO

l l
]
1
1H + 10
MM = 34 g/mol F——> =34/17

€« =1(1) + 1(16)

=17 g/mol




g —> mol —> improper formula —> proper formula sequence

—_—

Mass of
A atoms

Mass of
X atoms

Divide by
molar mass

Divide by
molar mass

Moles of
A atoms

Moles of
X atoms

Divide by
lowest number
of moles

Ato X
mole ratio

P

Convert ratio to
lowest whole
numbers

Empirical
formula




(EX) Molecular Formula from % Composition /,_\_j‘;/——\
¢ A gasoline additive has the % composition of 71.65% ClI, 24.27% C, and 4.04% H, and a molar mass of
98.96 g/mL\Nhat is the formula? \

FLsadd | [ &
= 201 ~ 1/&€Q
| DEE L o C
* | ('Lg,z C < C
d.04H | |04

z e 4(5)? -
(Ce ) @ - Lo S o g
4 < hEF

@C-“‘)L Q§ab= " \U’
%4

C’Q’L C’L H 4 /C/Q f uz\>
1. Q}Sl 4—9 L-J-l@_oo) I3 ’ZQ\\oo?)
N N

H
L — !c — <y
l 49.47
H 7 _rtTa3 ElWw



(EX) Molecular Formula from % Composition
¢ A gasoline additive has the % composition of 71.65% ClI, 24.27% C, and 4.04% H, and a molar mass of
98.96 g/mL. What is the formula?

@) S [ L& g0mia
TS, -

(Z_'} 14.1?2l[uc . 2025 C
l’l.DU}_‘

M (GLs)~ 3¢ 85,
D (120 ~ o0y
@ (leer) ~  2ou
7
49.425 e



¢ (EX) MOLECULAR COMPOSITION ~
What is the formula of an oxide of aluminum formed by the reaction of 4.151 g Al and 3.692 g O?

Asly 3.0 assag| Led AL 0.05%4 _, i
Al+ 0y — Aley ‘ 12438 Ak
7( 369257 W0 g9
wd 0
V‘/\J%? l l‘.oo:‘ ° —
A'Q_Ql/?}loa"z;o?
615 O0-15¥
V()
o AR O,
41513 Ak u";f LR bxs (’()Z
/ 30914 0 I| xifoﬁ e X9 (P55 J/

-~ 0.2%08 s
[0 " o N\ AL O
% % KD X9 L 2

Lo ()

AL g 50 O 02357 L %L, i’(‘?
.15 S5

]
AL, 0y 4—55;41'0\1;5_ 6(}\
| \

N\w




(EX) MOLECULAR COMPOSITION
¢What is the molecular formula pf a compound with an empirical formula CH,O and a molecular

weight of 1\@9/mol7
—
ArksCac A f S7
6
cH, 0
- (B4 @hn ®3°
(Cho),= | ChaO,
@ C'ﬁ- le.z). e @ ch. h e
(€= (W~ (2 mu = n Fu
2H =2~ 2 Saj
(2 =1 D ~ K« Mo -
CH,o 20 P
CHLD LY A
‘k(\: ((\‘l%': 2 %o \L Jek, ME
‘)—((‘\ :2(‘ - 2
10y = 1w X 344 \(3:1(15)—.;‘_ 5
3 licone ME = n (EF)
=20 CHu 0y e L (lho)-mF
-‘ﬁf' >o

Lo CsH1206



¢, A 24.54 gram sample of copper is heated in the presence ©

Sfluorine. A metal

fluoride is formed with a mass of 31.88 g. Determine the empirical formula of the metal
/

fluoride. [OWL 8.8]

j 2454, Cu [__;

i, P

CO\)(F':Q

243‘4;@ L8

Cb\ + F*)__’——> CU\F

EXR:24

~ 2454
kR

724

Cu¥



Sample Wt%-to-Molecular Formula Problem

] p
aA—u»)f,wL < QlBZC 742(—4 ed Pz molloe hasse & 26 3k
L\/(/-* -d_p\ WALG-CJ.M, Jdl—b«l.&q

a1y | ac —?-’5’;;_/ /H——

2%, C Hy
Ch L) = [ (Lo)
J (D = (o)
<Y = (3. 59
-~ CH
x xh ;1‘{

><Z —
(ch), = CZH CH g%é

LY



/ é9-45_%C- — 5"‘.CL{-LJC e F1
1 = (00, % [k .0
a8 sastd [ st
2 1.01% O ~ 1§24 O
(6.°
% CS‘A-;' H Sdo 1§22
\ 2 (% g2 (K
P
(ol — SC) ~ By
e —’?CI'Z -3 C?_.1 Hm Ol
(60 ~n x ST (6D ~ Le

5< C 4,0
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Sample Problem: Turning molecular formula into equation
(Make an ‘equation’ in which the molecule breaks down into individual atoms)

O2 , 0

LY nds € x9yun W«DkawL} T S e i Megpan J;u’}

—> O

7 e
ke, 0 = 2310 2-@0 ey o+
b o 5B o

A ‘formula’ made for sulfur acid would look like this...

eSO, 2244 1S 4+ 4 ©



