126 PREDICTING SINGLE REPLACEMENT REACTIONS /TN sodium  Na™

1+
Magnesium W g

P \0 (S) *’2—H(/\K'MQ) ‘_} Pb (I\'?-(Sj i H’L(9) Aluminum A\
Lead is MORE ACTIVE than hydrogen,so we Znc TatT
would expect lead to replace hydrogen in ron T e ¥
hydrochloric acid. ) lead PB**

Ackivity

Hydrogen HT

) La@ ‘\’zh(Q\ %%\Y\(Nozvl(,a%}-\- PE}LS) Copper €t

K,/ siver M g*®
Auwt?

Gold
Since zinc is MORE ACTIVE than lead, we expect it to

replace lead in lead(ll) nitrate.

Ag ()4 Ha 50y (v ) —> NOREACTION

o

Silver is LESS ACTIVE that hydrogen, so it would not be able to give its electrons
to hydrogen and replace it in sulfuric acid.

LS)JV%WSOW “y) —> /V\g SO"I (m{/]—'r ZWCS)

\j We expect magnesium to replace zinc .. it's more active.



"z CHEMICAL CALCULATIONS - RELATING MASS AND ATOMS

 Na L0, + 20N —5 MO« Cog + L NwC)

i

Chemical equohons are written
and balanced in terms of
ATOMS and MOLECULES

- While chemical equations are written in terms of ATOMS and MOLECULES, that's NOT
how we offen measure substances in lab!

- measurements are usually MASS (and sometimes VOLUME), NOT number
of atoms or molecules!

/I\ I\
~ Naq (10} $olid l_ Hel solufion

... SO how do we relate atoms and molecules with things we routinely measure in lab - like
grams and milliliters?



THE MOLE CONCEPT

23
_A'mole" of atoms is 6.022% 10 okums

N

Why so big? Because atoms are so small!

- Why - in the metric dominated world of science - do we use such a stfrange number fc
quantity of atoms?

e~

The mole is also defined as the number of carbon-12 atoms
in exactly 12 g of carbon-12

g o
s -©

carbon-12



129 THE MOLE CONCEPT

- Why define the mole based on an experimentally-measured number?

- The atomic weight of an element (if you put the number in front of the unit GRAMS)
is equal to the mass of ONE MOLE of atoms of that element!

Carbon (C): Atomic mass 12.01 é}lﬁu ———7\]2,0] 9 \

!

the mass of ONE MOLE of
naturally-occurring carbon atoms

Magnesium (MQ): 24.31 g = the mass of ONE MOLE OF MAGNESIUM ATOMS

- S0, using the MOLE, we can directly relate a mass and a certain number of atoms!



130 RELATING MASS AND MOLES

- Use DIMENSIONAL ANALYSIS (a.k.a "drag and drop")

- Need CONVERSION FACTORS - where do they come from?”?

- We use ATOMIC WEIGHT as a conversion factor.

= | mo\ M
N\S L3 | LSt g My = T

"mol" is tThe
abbreviation for

‘mole’
Example: How many moles of atoms are there in 250. g of magnesium metal?

ZL\’%\SM(A: Mdl Mﬂ

sl M
.50, DT D S el M
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Example: You need 1.75 moles of iron. What mass of iron do you need to weigh out on the
balance?

Fer S6., %S
gg%gj Fe, ‘.‘,ma\ FQ

Sg.%gj e,

o) FQ

[~7Smu| Fe X = 77;73FQ



2 WHAT ABOUT COMPOUNDS? FORMULA WEIGHT

Example: 25.0 g of WATES contain how many MOLES of water molecules?
(Ha0

H, 0 H:2Lx 1,00 = 1.0l6

O*'1.x\b,0o = 600
V%01 // FORMULA WEIGHT of water

Formula weight = mass of one mole of

16 .0l6 5 Hp0 = vl He O either an element OR a compound!

2600y 0T} 39 W0
5 \b|%.otegHw 07 el T

Formula weight goes by several names:
- For atoms, it's the same thing as ATOMIC WEIGHT
- For molecules, it;s called MOLECULAR WEIGHT
- Also called "MOLAR MASS"
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Example: How many grams of ammonium carbonate do we need to weigh out fo get 3.65 moles
of ammonium carbonate?

Fist, find the cormect formula: | N 3 L% 14,0
N COq 1 ?x levé
Vi (; 5 [}bjﬂ)
(M2 L0 .ot oy

96.094 g (1Hy)y 03 = mal (MHy)o Log

96.094 g (MHy) o3

mol (.V”t{)-LCdg

3.6 mol (Wiy )[04

3514 (WHy)y Log




PERCENTAGE COMPOSITION

- sometimes called "percent composition” or "percent compaosition by mass'
- the percentage of each element in a compound, expressed in terms of mass

Example: Find the percentage compaosition of ammonium nitrate.
N*’bf‘- UOJ -

VH, MO, A2 2% 14.0] = 126.02
H:H x|.008 - 4.0%2

O* 2 wlboe= H8.00
%0-0513 NHLTMO‘?,Z !mo| IUM%N%

1G.00 g NV _ Th
e 1Y o =350 Y M| 1 e

%O,()S'Lj Yo kol

SHOULD sum
H to 100% within
H.03b9 4 B O b roundoff error.

&0.08T 1 Yo kel

. 0 0
%D: 1299, \(,E{}o%:(?o-o AO

C&O,US'Lj Yo kol




So far, we have

| - looked at how to determine the composition by mass of a compound
C\«% from a formula

- converted from MASS to MOLES (related to the number of atoms/molecules)
- - converted from MOLES to MASS

Are we missing anything?

e

Sec - What about SOLUTIONS, where the desired chemical is not PURE, but
5.4 | found DISSOLVED IN WATER?
ne3 - | - How do we deal with finding the moles of a desired chemical when it's in
Hed solution?

—




136 MOLAR CONCENTRATION

- unit: MOLARITY (M): moles of dissolved substance per LITER of solution

L/solu’re = dissolved substance
moles of solute

M= MOLARITY - L solution

6.0 mol HCI
L

There are 6.0 moles of hydrochloric acid in each liter of this solution, so
you can write this relationship another way:

6.0 mol HCl = 4 L

érD N\ KL SO\UC\';OV\:'

If you have 0.250 L (250 mL) of 6.0 M HCI, how many moles of HCI do
you have”?
47 GO mg | H(/| - L

0,250L ¥ Gﬁ"‘ﬂ‘ ROl 11, S ol HC]
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If you need 0.657 moles of hydrochloric acid, how many milliliters of 0.0555 M HCI
do you need to measure out?

0,056 mul HCL = L m Lz \OWBL

O! 7Vh b(/ L ML <
bS7 mol Y R 0 05¢ mo] H(AX\O%LuﬁVéOO mL\

This is a very large volume for
lab-scale work. We should
use a more concentrated
solution to get this amount

What if we used 6.00 M HCI? of HCI.

6.00 me| HO| =L =100

o\ A (] L m L - _wml
016§7m H X (—;-UOMOlHCIX\OWSL [|O 1g

This volume can be measured
easily with a 250 mL graduated
cylinder ... plus, we're likely to
have this much solution
available in the first place!
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If you're preparing a solution by dissolving a solid in water, you can easily calculate the
molarity of the solution. How?

Just find the number of moles of solid you dissolved, then divide by the volume of the
solution (expressed in liters!)

What is the molarity of a solution made by dissolving 3.50 g of NaCl in enough water to
make 250. mL of solution? . m ol ch)

F L solvTion

1 - Convert 3.50 grams of NaCl to moles using the formula weight.
2 - Divide moles NaCl / LITERS of solution. (Convert 250 mL to L)

NaCly, Nat V¥ 270,99 v\
cys V% RSHS '] Fill fo 250. mL
| mark with
>3 HHT) MaCl= mol Vol | deionized
(1) 5.50 4 Noll y mol NaCl - 5 .0<98804Kb mol Vo | | water.
J 58 H o MuCl "volumetric
J flask" - used
m Lz 107 5L, A\ & / toprepare
LD-—% L 3.50 g NaCl solutions in
2.50. mL % -~ 0.15b L. lab
m I~

@ N\ ~mol Ma( ) _ 0.0598904%6 ml Mo C|

L. solvTion T 0.15b L. :O»U’fom /VOC]\
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A few more examples...

A Use FORMULA WEIGHT when relating mass and moles
You have a 250.g bottle of silver(l) chloride (AgCI). How many moles of AgCI do you have?

XaCle, A9$1¥ |07 .9
J AN Ly 354§

43.3S g Ag ¢ = el AgCl

m6| A C|
2504 rgll y B e Ik %u\

How many moles of NaOH are present in 155 mL of 1.50 M NaOH?
When relating moles and VOLUME, we need to use CONCENTRATION
(usually MOLARITY - M)

m L= 1077 1,50 mel MaoH =L

-3
GOl x L LEOmANaOl i 943 0] Mot
L "L







41 CHEMICAL CALCULATIONS CONTINUED: REACTIONS

- Chemical reactions proceed on an ATOMIC basis, NOT a mass basis!

- To calculate with chemical reactions (i.e. use chemical equatfions), we need everything
in terms of ATOMS ... which means MOLES of atoms

2 AL L) «3 B () —>2R1 8w ()
\ [

coefficients are in tferms of
atoms and molecules!

D aXoms A\ = 2 wolecdes BFL: 7 Foemule vnitg A\B\(‘s
Lwod D=2 0l Bey = Lol ALBG | X

- To do chemical calculafions, we need fo:
(D - Relate the amount of substance we know (mass or volume) to a number of moles

() - Relafe the moles of one substance fo the moles of another using the equation

@ - Convert the moles of the new substance to mass or volume as desired



“ DAL + 3B (0) =7 LR Bey(s)

* Given that we have 25.0 g of liquid bromine, how many grams of aluminum would we need
to react away all of the bromine? How many grams of aluminum bromide would be produced?

@ Convert the 25.0 g of bromine to moles. Use formula weight. 3 - Lr17,90

1§q.56%f5f‘q_1 mol A, 1S9. %
mol s - 0,15 64U GSS Ao
KLS.@ o Q)(‘q‘ % 1qucﬁ% ™ \/géq (7? mo\ 2,

@ Convert the moles bromine to moles aluminum. Use chemical equation.

) o) R\ = L mol %J‘l

0, 1 GSS me| 13 L ool = ©0.10412%7 o\A\
1564 69 o) f‘z\wﬁg ol Bor, 04213705% m

@ Convert the moles aluminum to mass. Use formula weight. Al 26.9¢

L6.9%a Al
© 10423703 mol A\ X d =|2.%6) 9 R
ma) )




“* You can combine all three steps on one line if you like!

\ O Dol AN 16,964 A
15 0961‘1‘& o & % X by :Lr%\%/l\\
SR 9 Br-;_ D wmol \?)[)L 1%0\ A\
D @ S
15,0 \3 v Conservation of mass!
J N BUT ...
~ 25\ J P\ \ ...what would you have done 1o calculate the mass of aluminum

bromide IF you had NOT been asked to calculate the mass of

27 .9 4 AL B3 aluminum FIRST?

Calculating the mass of aluminum bromide directly:

| mol B K'lm»\/%\ﬁfzﬁl(ob,(?%gpf\(sr;: /2_’)%5(3:\\6{\3
\Qq,cég\BrL 3 wol CZ)FL lW\olA'\Brz

FLS O ‘C) B{'Lﬁ

PAB A A e LS
\/._J
7 Gb A5



“ Example:
How many milliliters of 6.00M hydrochloric acid is needed to completely react with

25.0 g of sodium carbonatfe?
2LHAO Gy )+ NagLoy (s) —7 Hlo(“‘c(%(fﬂ*’l“"qt“@

1 - Convert 25.0 g sodium carbonate to moles using formula weight.
2 - Convert moles sodium carbonate to moles HCI using chemical equation.
3 - Convert moles HCI to volume HCI using concentration (6.00 mol/L)

Moy L0q 2 Myn 252049
C 11,0l
, ’_37\ Vo .U
105,99’3 /\/(,,L(ostmd\ )k/[,?'(o\g

®1gs03 M&\L(()s )(

md\ )L/[,Z ng

= 0.2356M30%h mat May (07
105'993 /\/(”’L(Os

“) mol H.(/\ =~ mol U(,‘.L(/[)g

@ | H Y

0.235 611 306h mot Mag (05 y L
m 0 | Mhzfzf)g

-0, U 7ULH1TL o) H O



145 Example:
How many milliliters of 6.00M hydrochloric acid is needed to completely react with
25.0 g of sodium carbonate?

2LHO Gy )+ Nag Loy (s) — Hq 0(2) £ (0 (g)+ TN-Cl(xq)

1 - Convert 25.0 g sodium carbonate to moles using formula weight.
2 - Convert moles sodium carbonate to moles HCI using chemical equation.
3 - Convert moles HCI to volume HCI using concentration (6.00 mol/L)

@ (.00 mot HCl= (. mbleto™3L

0,47 74161712 mol HEp XM D¢ ml
.00 mol HC1 (073U o F G.oom HO|

You can solve the problem on one line if you want:

I.OS.‘?C?SMQ?_(O}'Z "ol Nmﬁog 7 wmol HCY = mol Nu1L03

6.00wol V(Y =L m L= Lo~
o| NomCO o
QS‘OQN%CDB‘A mo| Newp (02 Y’Z,thHC\X L. \ L i
I.OS.‘?C?SMQ?_(.OB mol N{Ar,_f,t?} L.OO wol VO LD*L\,L"
I ]\ oy 1

® © ©

=7 8,6 mlL



