Stoichiometry

$40
[

Nut

Using balanced equations, mole ratios and molarity.

version 1.5

© Nick DeMello, PhD. 2007-2015

“The Molar Subway”

Oberddbling

Krottenbachstrake

Hernals Michelbeuern-

Allg.Krankenhaus

Alser Strake
Josefstadter,

Schottent:

[TE] dottakring”  Strage Rathaus
Thaliastrake

araic g “olks-

dlerstra theater

Burggasse-Stadthalle

B s15s45

Hiitteldor Breitensee

Penzing

$50

Ober St.\eit

o Johnstrake Westbahnhof
Hietzing Gumpendorfer Str.

Unter
St.Meit

Braunschweiggasse
Meidling Hauptstrake

Niederhofstr.




Krottenbachstrake

grunner >Ir.

Nubkdorf

S7

Heiligenstadt
Oberdobling

Vod

U4

Handelskai

/,

Dresdner
Strake

Spittelau 708 Traisengasse

Nubdorfer 1 Jﬁgergtrage

(173 9 Floridsdort

S45 / Neue Donau x bran

Aderklaaer Strake

Rennbahnweg
Breitenleer Str.
Kagraner Platz

Alte Donau A

aisermihlen -
1enna International

Gersthof W5 Sans N\ Friedensbriicke \°"2U<E Centra > S
dhringer W erano. 4
Strake M )ozefs-Bhf 4 Erzherzog-Karl-Strake
545 “olksopergy Peatistarn Broartenstrabe Hardegg-
i Rokauer ) gasse
Hernals Michelbeuern- 2 / Y Prate
Allg.Krankenhaus Lande . esse N Stadlau L9 LD, 2010
Schottenring . = S -
Alser Strake [ i
“ Schottentor, ftroyplatz Donauspital Aspernstr.
Josefstidter enplatz Krieau »
’ Donaustadtbriicke

[IE 8 Ottakring ~ Strage Rathaus[ I
@'.' Splatz

Thaliastrake -

4

Stadion

-

Kendlerstrake I Wolks- n g
ndlerstra Burggasse-Stadthalle B theater T /[ py 1) Landstrake Wien Mitte Donaimark il Lobau
S15 545 Hitteldorfer Strake Neubaug. Rochusqasse o ai
Hutteldorf Breitensee :5;-::h|.|,|eggler5tr. '_1 useqm b raterkal
El Penzing [] — m quartie onn- Kardinal-Nagl-Platz
= “W  Zieglers Jp-
550 ‘ Johnstrake Wiestbahnhot W pilgray . St Schlachthausgasse
N m 7] Hietzi Gumpendorfer Ste 7 S Bl harx
Ober St.\eit | Unter =202 Langen : 4 i ¥ Erdberg
St.Meit 9as nargareten- .." Stdbahnhof " W Haidestrake

Schénbrunn
Braunschweiggasse

Speising $15
Tscherttegass
Hetzendorf
Am Schopfwer

/

Alte S

Erlaaer Strake[]
Perfektastrabe

Atzgersdorf

Siebenhirten [

Liesing
=

Meidling Hauptstrak
Niederhofstr

Philadelphiabriicjg| N Lokalbahn

gurtel
:henstr,

\ Platz

Wolfaangg. Geisel

LReumannplatz

e Blechturmgasse
Meidling selil el |1

a oo
H 3-::h|:|pT|.|,lE'rk

Gutheil-Schoder-Gasse

Inzersdorf-Ort

-
Personenbahnhof

S6

¥ Neu-Erlaa

Schonbrunner Allee

SAsandaréd Ciaharhirtan

Gasometer

(ipperer;trai;e
Bengstc. Enkplatz

Simmering

U3

s7 1)
0

Grillgasse

S6



Stoichiometry

30M 0O5M

[ = -

Stoichiometry & the mole ratio. » Solution concentration.

» A new conversion factor. : » What concentration means? "‘
» Already in our tool box: ' » Measures of concentration. H
)
» Atomic Mass; Molar Mass; Avogadro’s # » Molarity and others.
(chapter 2)

» Using molarity as a conversion factor.
» Molecular Mass; Molecular Formula

(chapter 3) » Solving for molarity.

» The balanced equation. .— » Solution techniques in the lab. S40,
» Example Stoichiometry Calculations | = » Using volumetric glassware. N
19 —
» mol = mol calcs (2 steps) s || = 5 » Dilution
> mass — mol; terom SR> » Calculating volumes Oberdabing
mol — mass calcs (3 steps) : = A . : R
=] » Calculating concentrations. Kexfnnuchaes
» mass — mass (4 steps) 1= . . i
] ? Caleul = » Titration Nybdorfer
» Liming Reagent Calculations - , , shringer|
S - g T » A technique to find e
» What is a l]m]t]ng reagent? concentration. Hernals AIIgAKE;ircd?eenl-.%ea{lesm‘ Sy
] » Finding the liming reagent. Alser irabe J sohotent
l [TE g ottakring ~ Strake Rathaus
» Theoretical Yield & Percent Yield. el o Thatastrate
3 re GiEciE iy Burggasse-Stadthalle theat;
» Excess Reagent mol = mol Hineldor p o
enzing | qu
» Finding excess reagent remaining. , " — Jonmetr gt Westbahnhof pi.;’r;[-]n‘f;]
l molecules molecules it sut'?\t;ee'i't — A

Braunschweiggasse
Meidling Hauptstrake

Niederhofstr.



Stoichiometry

Stoichiometry is the relationship
between relative quantities of
substances in a reaction or molecular
formula.

Having a balanced equation let’s us see
the ratio of products formed from
reactants.

In the balanced equation to the right, we
can see that every propane molecule
(C3Hg) produces three carbon dioxide
(CO2) molecules.

Therefore any number of propane
molecules burnt, will produce three
times as many carbon dioxide molecules.

The balanced equation reveals all the
possible stoichiometric relationships
between reactants and products.

It let’s us answer any stoichiometric
question about about a system described
by that equation.

Eq L.
C3Hg () + O2 () = CO2 () 1 + H20 (y

Eq 2
CsHg(g) + 5 Oz2(g) = 3 CO2(g) + 4 H20

stoi-chi-om-e-try / stoike'dmitre/

noun

noun: stoichiometry; noun: stoichometry

9 15

the relationship between the relative
quantities of substances taking part in a
reaction or forming a compound,
typically a ratio of whole integers.

Origin: early 19th cent.: from Greek
stoikheion ‘element’ + -metry.

egeILLLILLLLEY



Stoichiometry

CsHg (g) + 5 02 (g) = 3 CO2 (g) + 4 H20 (qg)

Propane

C;5Hg(g)

1 molecule

3 atoms C
8 atoms H

1 mol

44.09 g

Oxygen

50,(2)

5 molecules

10 atoms O

5 mol

5(32.00 )
(160.0 g)

* B
Y "

3 CO4(g) +

3 molecules

Carbon Water

dioxide

4 H,0(g)

4 molecules

S15 545
Hiitteldorf

Don’t confuse coefficients and subscripts!
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The mole ratio

CsHg (g) + 5 02 (g) = 3 CO2 (g) + 4 H20 (g)

» If | consume 15 molecules oxygen, how many water molecules do | create?

o4, O

- /Z molEe -2 H O
=0, i

/(»‘%O!Pcv["& 02_' 4

‘ S40
» If | consume 2.7 mol oxygen, how many mol water do | create? "
» ...and how many mol CO; do | create? |
» ... and how many mol C3Hs do | consume? The mole ratio Helligen:
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The mole ratio

CsHg (g) + 5 02 (g) = 3 CO2 (g) + 4 H20 (qg)

mol

Mole Ratio

D EEE——

mol

502 =3CO0O;
502 =4H0
1 C3Hs = 3 CO2
3C0O2=4H;0

There are 12 combinations in this reaction.
12 mole ratio conversion factors.
The Balanced Equation unlocks them all.

This tool is especially powerful when we

combine it with tools from the previous chapters.
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Chapter 2: Atomic Mass & Avogadro’s Number

» In chapter 2

Elements like Copper (Cu)

we introduced two important conversion factors:

» Molar Mass/Atomic Mass

(the average mass of atoms of that elements)

» We get this from the periodic table

» It tell’s us the weight of:

» 1 mol of a substance (in grams)

» 1 atom of a substance (in amu)

6;?:115 - Py
l mo
(o}»SGS

)Cﬂlgéou ’

» Avogadro’s Number
» 6.022 x 1023

» It’s a measurement

» You have to memorize it

= Olzéo/”lc/ Cu

» It let’s us go from the moles to molecules

or atoms
Mol —> r44=>4‘%1/42=s
C'OZZK(O-ZZ'
O.260mol Cu * =
| mol

hSlvios e e

Avogadro’s
number

1 mol = 6.022 x 10?3

Molar Mass
1 mol Cu= 63.55 grams

grams

/

mol

molar scale

molecules
& atoms

mOIGCUIar Scale ‘ Krottenbachstrake
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Chapter 3: Molecular Formula & Molar Mass

Molecules like Water (H.0)

» In chapter 3, we took apart molecules and
introduced new conversion factors.

Molar Mass
» Molecular Formula (& Empirical Formula) 1 mol H20 = 18.02 grams

» It let’s us understand the composition of
molecules.

» We can use it as a conversion factor to go mOI
from molecules to how many atoms of any H.0 >
kind are in that molecule. -
MO(PCL/Z’S HZ O = & 'hDVHS H Avogadro’s molar scale .
number R EEEEEEEEEEEE Oberdabling
e ko e . > LYk H 1 mol =6.022 x 10% molecular scale Ontrm
2 &

» Molar Mass/Molecular Mass

» It relates weight to mols for whole molecules
molecules. H20

Wahringer W e

R
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Chapter 4: the Mole Ratio

CsHg (g) + 5 02 (g) = 3 CO2 (g) + 4 H20 (g)

mol

CsHs

» In chapter 4 we introduce the:
» Mole Ratio

» This new conversion factor let’s us go
between substances in a balanced
chemical equation.

» Putting them all together means you can
calculate grams, moles, molecules, and
more for any substance in a reaction,
from any quantity of another substance in
the reaction.

» The mole ratio unlocks the whole map.

Mole Ratio
1 C:Hs =4 H,0

Avogadro’s
number

1 mol = 6.022 x 10?3

Molecular
Formula
1H0=2H

mol

H-O

Molar Mass
1 mol H2O = 18.02 grams

/

molar scale

molecules
H-0O

Molecular Mass
1 H2O=18.02 amu
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Using a Balanced Equation

CsHg (g) + 5 02 (g) = 3 CO2 (g) + 4 H20 (g)

grams

CsHs

Avogadro’s
number

1 mol = 6.022 x 103

Molecular Mass
1 C3Hs=44.09 amu

amu

Molar Mass
1 mol C3sHg=44.09 grams

Mole Ratio

mol

CsHs

1 C:Hs =4 H20

Molar Mass
1 mol H2O = 18.02 grams

)

mol

H-O

molecules

CsHs

molar scale

molecules

Molecular Mass
1 H2O=18.02 amu

H-0O

Molecular Molecular
Formula Formula
1 CiHs=8 H 1HO0=2H

atoms

helb r
g.Krankenhaus
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Using a Balanced Equation

CsHg (g) + 5 02 (g) = 3 CO2 (g) + 4 H20 (g)

Molar Mass
1 mol H2O = 18.02 grams

Molar Mass
1 mol C3sHg=44.09 grams

grams

CsHs

Mole Ratio

1 C3Hs =4 H,0 /
m O I M m O I S0
CsHs H20 A
—_— Nuk
Avogadro’s molar scale Heiligen
number o o © © 0 © 0 0 0 0 0 0 0 © 0 O © 0 W ®®W®W® ® ® @ € @ @ @ ® ® w ®wo o o Oberddbling

1 mol = 6.022 x 103

Gersthof Wishringe
Virane J0
molecules molecules i =
CSHB HQO -.&.Iser Strake ;f;:;t:re.:
-_“j —,_OﬂakringJ':ls%Ig?ff&ter Rathaus
] Thaliastrake Volks-
| Burggasse-Stadthalle theater
B 515545 N\ Hiltteldorfer Strate |
» For this discussion we will focus on grams, moles, and molecules. il koo e

Penzing

- Westbahnhof
Gumpendorfer Str.
Langenfeld

» You are responsible for all the conversions in chapter 2 and 3 as well.
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Using a Balanced Equation

CsHg (g) + 5 02 (g) = 3 CO2 (g) + 4 H20 (g)

grams

molecules

"

Mole Ratio

grams

7

<+

mol

mol

We will use the molecular scale to design and understand reactions.

We will use the molar scale to conduct reactions.

We will add more conversion factors that start with mols, in future chapters.

But the mole ratio will stay at the heart of all our reaction stoichiometry maps.

Avogadro’s

Number

molar scale

molecular scale

molecules

515 845
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Stoichiometry
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Problem:

How many moles of C3Hg can you burn in 19.2 mol of oxygen gas?

grams

"

L

grams

mol

molecules

Solution

CsHs (g) + 5 02 (g) = 3 CO2 (g) + 4 H20 (q)

| ¢, He

Q

yr\o\ 02_ = r\f‘--ol C—g/"‘g’

mol

e

"y

molecules

T
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Problem:

How many moles of C3Hg were burnt to produce 26.2g of carbon dioxide?

grams

"

L

mol

grams

e

molecules

Solution CsHs (g) +50; (g) — 3 CO2 (g) + 4 Hzo zg>

@ moler mags CO-

@ mole oo COy /C’_f,'l’l?

3C\/Op__':, C3/—L%

2¢Oz

PAZEAN Co, -

@

—"'——""> r’y“Oi @Oz

lmol /C.% /_'J‘?
—/_ﬁo:s 300,

mol

"y

molecules

) mo] 0348’

e




Problem:

How many grams of water were produced when you burnt 24.2 grams C3Hg?

Solution

@ ot M PSS Cq "L‘c‘l(
$¢,03 (‘L(

2(c) g, 00.
4‘(”’} ﬁ//

‘N'Dfﬁ = [mal

@ rol reto Cylg ! O

| CyHg = ##.0

@ piole~ maes 1420

o \z.Lp

204 \i"oo.‘
| (O\W
\ v

1§.02q ¢ [nol

grams

"

L

mol

grams

e

molecules

39,5L30 7’5’5’33

——

CsHs (g) + 5 02 (g) = 3 CO2 (g) + 4 H20 (q)

mol

"y

molecules

—
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Limiting/Excess Reagents

3 pedal

assemblies

B

3 bicycles

» The excess reactant is the reactant that .,
remains when the reaction stops. A
» There is always left over excess o
reactant.

» The limiting reactant (or limiting reagent)
is the reactant that limits the amount of
product that can be made.

» The reaction stops when the limiting
reactant is used up.

» The amount of limiting reactant
controls how much product is formed.
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Limiting/Excess Reagents

» Iron and sulfur react to make iron (lll) sulfide. If | have 20.0 grams of each,

which is the limiting reagent?

20

It’s just like making bicycles
— which pile runs out first?

Answer: start making bicycles,

L - the one that makes the least
e bicycles is the limiting reagent.

(bicycles = any product)
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Limiting/Excess Reagents

» Iron and sulfur react to make iron (lll) sulfide. If | have 20.0 grams of each,

which is the limiting reagent?

/fm,\ - Soler — Tron (_’”J-\) Suf&yge

e,

//(ar:f._A- ZSe — %f:eLS3

21
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Problem:
Iron and sulfur react to make iron (lll) sulfide. If | have 20.0 grams of each,

which is the limiting reagent?

Solution / [eFe + 2Sg = §Re,S3 |

@ Zz‘@?x 8 l : .F}“ e | o ( : 8F€2 §3
g (97 g6 afre Lt B e

- P .
@ £ gg - g'r"-ezs3 ée; I sl 8’5‘81’5‘3

bl s 8008 o on o RS

2—‘9'033 g?’z%lc’s "‘},38,

grams

"

mol

L

molecules

mol

—j

"y

grams

molecules

|

|

So Troa Rung ak !":ff%:% :

117 ':_.rnﬂ:)x\ 'S A iany ‘MS P'e,)g@\.«f-, |
k.
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TR

= 0'-’267 Mc/ FeZS%




A word about yield...

SE sl o

- , 208 mol 2,S
zo.oﬂgg, = 22, = .2 o 73

So our theoretical yield for this reaction is 0.208 moles (or
the equivalent in grams).

S40
But we rarely achieve a theoretical yield. N
Our actual yield (aka experimental yield) is always less.
We report the percent yield for any reaction to show how | H'g
close we came. T e
» Percent yield = (experimental yield / theoretical yield) x 100 m:‘bi%“f

L Strake W,

K ru1ic‘t|»':lt'n_leu»:-rru-
Allg.Ki enhaus
. ‘A’ s Allg Krankenhaus '\
Qj\" é M Alser Strake [I schottent.
TLP 2 - _Josefstadter
r < O‘ \ - (TE] g ottakring ~strate Rathaus
/ o~ g Thaliastrake Solis
G'(J theater
5 B s15s45 0.4
\ = Hiitteldorf Schuwegle At
O '?) o :/' qu

shnstrate Westbahnhof p‘i ey ,‘
Gumpendorfer Str. i

Ober St.\eit Langenfeld

Braunschweiggasse
Meidling Hauptstrake

Niederhofstr.
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Problem:

grams grams
Iron and sulfur react to make iron (lll) sulfide. If | have 20.0 grams of each, " Wl
which is the limiting reagent? mol mol
How much of the excess reagent is left over? . !
molecules molecules
Solution //4, Fe s+ 2Sg = §lF,Sal
C, @ O,
%]f'e = m[ Fe —2 ,Mol S?—*> Sgg- (coms;‘mea(B
@ 5-‘;. 8"33 = ‘M‘ """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
(z) e Fe 7 &M, S+
| nesl % Sg 24L.L
'} > 8 o= Z . < 6 S
@ _220 | Z0.0%IC’_ 25 ac = [7‘,23 =
()= /w‘o 85 o) le Fe | mol
g e g ob S
® 3% = ¥R e
20Ol o (mnsqmac'
Sa IFO/\ qaw‘i a-,,\—. F’VSA . kq. -2- \‘05 ¥

Tron 'S ¢ /:m‘"("'s Pe}gf?,«-i—

Sol i\,/ s e Qmi&w@e@«-{-, g

Ta. = i

’/ﬁ(& OV'J\
2E LN ‘

/~z.€5 = il /




Problem:

Stannic oxide (32.4 g) and carbon monoxide (14.3 g) react to form stannous
oxide and carbon dioxide.

(a) What is the limiting reagent?

(b) How much of the excess reagent is left over?

Solution

A plan:

Step 1: Find the balanced chemical equation.

Step 2: Figure out how much product (any product) you could get from each

reagent. (hint: you’ll need mole ratios)
Step 3: Identify the limiting reagent (the one that runs out first)

Step 4: Figure out how much of the excess reagent you actually use.

grams

"

L

grams

e

mol

mol

molecules

"y

molecules

Step 5: Subtract what you used, from what you started with, to find out how much

of the excess reagent is left over.



Problem:

grams grams
Stannic oxide (32.4 g) and carbon monoxide (14.3 g) react to form stannous " Wl
oxide and carbon dioxide. mol €=/ mol
(a) What is the limiting reagent? , X
(b) How much of the excess reagent is left over? molecules molecules
— —

Solution

Sennic oride + 0Ruba muiole > teaneus oxide + 2 lbon Aidxie

Sﬂﬂ Oz - S “t 2% O-L-

<n
&8~ o =2 =a O +- Ol R,\/\,’,M




Problem:

grams grams
Stannic oxide (32.4 g) and carbon monoxide (14.3 g) react to form stannous " Wl
oxide and carbon dioxide. mol |€—| mol
(a) What is the limiting reagent? , X
(b) How much of the excess reagent is left over? molecules molecules
R — —
Solution )
B » ‘o> .o L ido
: rZ:FA:,(\:) % a@ el Sh0, = ] R, = 59\02 —> g,,oz —5 mol CO —-53(30
: b Lef& Ovar ‘
QD w0, =52 g S s L0y el €0 — paf 0O, eash et §on initiz/ qrems,
8.2
¥ Zzoof 5 """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""
EY)) l’& l\\ L\,)
: P | -e0 Limi
A0, = |nal CO / ; Z 2 =
@ ol S 2 l : 2 42y L/% S}\OZ_ }‘b.‘?lﬁ , SHOL = D 218 7""0/ Z 710754/‘""
(@ lml CO = 280l oy - _ : _
12,0l ; z OO ' e ‘ O
& oo, oy 2€.0 (g % l %Oz = 0.5/ nel
2% oL

@ Inol CO = Il Q,Ol

(s Sn0q is fr Lim& Vemg /

§n02 s

N g r_\ /P'Q( 7 .
LIMIKY) Dﬂﬁef\ 4.-’ : Find Gaess %2.9 SAOL' . ] a,om 4 2&€,/0/| & .
E Lebkd Over % 160,79 5 ) S”O-Z = %02 SO/O

o]
B Imel S0, = | nal O

W%;’aa Co \mix?/ et —
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Solutions & Concentration

» Solutions are homogeneous mixtures. N~ i~y

» We know mixtures have tunable properties.

-
add more W

-
addmore W /
\ copper sulphate

» The properties vary with the ratio of the pure substances that make copper sulphate
up that mixture.

We describe that ratio as concentration.

» Concentration is the relationship between amount of a minor
component of the mixture (a solute) to the major component of the
mixture (the solvent).

» Concentration is how “crowded” the mixture is in a substance.

» Concentration is the amount of a solute in a given quantity of solvent.
Dilute Concentrated Saturated

» Solutions that contain greater amounts of solute are said to be more copper copper copper
sulphate solution sulphate solution sulphate solution
concentrated.
» Solutions that contain lesser amounts of solute are said to be more
dilute.
» Solutions that contain the maximum amount of solute a solution can A solution is a homogenous

hold are said to be saturated. mixfures

A solvent is the largest
component of the mixture.

A solute is a smaller
components of the mixture.

30

T4
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Measures of Concentration

» There are a lot of ways we measure y
concentration.

» Three common ones are: moles of solute

1 A
» Mole Fraction (X) X = 1 £ solut; é )
» Moles of solute per mole of solution. moles of solution

» We’ll use this when we discuss gases,
it’s less useful for liquids.

S4UN
» Molality (m) o moles of solute )
» Moles of solute, per kg of solution. kilogram of solvent
» We won’t use this. ki
» Molarity (M)
» Moles of solute per liter of solution. moles of solute S spittelau
» We’ll use this a lot for liquids. M = Miaieg

" liters of solution

Wahringer M e

Jo

Hernals hichelbeuern- R
Allg.Krankenhaus
Schotten
Alser Strabe [ cohattent
. Josefstadter
[TE] 9 Ottakring ~ Strake Rathaus
Thaliastrake Volk
Kendlerstrake Pilod
b s Burggasse-Stadthalle  theater
. $15 545 /
Hiltteldorf Ao
| qua
0 Zieglerg

= Johnstrake Westbahnhof W Pilarama.
... Gumpendorfer Str. e
Hietzing

Ober St.\eit

St.Veit

Braunschweiggasse
Meidling Hauptstrake

Niederhofstr.




Molarity

mol solute

Molarity is a measure of concentration. L SOlutiOIl

v

v

The units of molarity are mol/L. We abbreviate mol/L as “M”

v

Molarity is the moles of a solute divided by the volume of the
solution.

» Don’t confuse volume of solution with volume of solvent.

» Because the solute(s) also add to the volume of the solution
Molarity is not the same thing as dividing the moles of solute by
volume of solvent.

It is easier to calculate molarity if we know the total volume of the
solution rather than the volume of the solvent.

v

2.0mol H.SQ, oltssohoy/ in DL wader IS

3.0 mo l /’/‘ZSO\/ 5{0 M| /F’ZSOV
1O L watkr+ (60m (L HZ—-SO\T' % e L SO/UHO,/\ Whiter
|5 I\ : Add water until
2,6 molgrm or 2.6 4! 1.00 mol NaCl 14 solid is dissolved.
: (58.44 ) v Then add additional
a%8 water until the 1-liter
9 mark is reached.

2,0 mol HZSO‘.{ O()'Uq"ﬁ‘( +O / OL In wader~ (‘g,’

// \i\ ‘\\ > / ’ . L
2.0 mol HZSOY [ ibe \:
2.0 M g w

o T 3 40
1O b /u’%'.)/\ mQ{E/- or
32 { Weigh out and add

A 1.00 molar

1.00 mol of NaCl. NaCl solution
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Molarity

mol solute

» Molarity is the number of moles of a solute divided by the total volume of L solution
» Molarity makes it easy to interconvert between volumes of a solution and molS*6f solute.

» e.g. if | have 3.0 M H2S504
» How many mols H2504 in 0.150 L?

@

2,0 rwl
[L_ - 0:7("“0’ /”[LS'Q{

050 L -
» What volume do | need to get 0.42 mol?

B .
/V’o/ ___>L @ g.Dmo’ - /L—

L | HO m L
b e i Ol L ( \
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Jgen:

Oberddbling

Krottenbachstrake
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Allg.Krankenhaus

Alser Strake
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Schottent:

! 8 Ottakring  Strake Rathaus
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The Molar Subway

grams grams

Molar Weight
Mole Ratio
S40
[
mol [P mol
Heiligen:
molar scale Oberdabling

Krottenbachstrake

Avogadro’s
number

1 mol = 6.022 x 10%3

Wahringer
Strake

Hernals Michelbeuern-

Allg.Krankenhaus

molecules molecules (15 otakering 750

Thaliastrake
“olks-

Burggasse-Stadthalle theater

Hitteldorf Breitensee

Penzing

$50

Ober St.\eit

John ara;:e Weztbﬁhnl;tt:f
. Gumpendorfer Str.
Hietzing | 5p00nfeld

Unter
St.Meit

Braunschweiggasse
Meidling Hauptstrake

Niederhofstr.
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Important:

— Molar Weight
is Different for
Each Substance

— Molarity is
Different for Each

\Solutlon

L (sol’n)

<

grams

The Molar Subway

Molar Weight

Mole Ratio

Important:

— Don’t confuse
stoichiometry with
dilution problems!

36

>

grams

1

mol

mol

< >

Avogadro’s
number

1 mol = 6.022 x 10?3

molecules

molar scale

molecules

Hitteldorf

S40

Nut

L (sol'n)

Heiligen:

Oberddbling

Krottenbachstrake

Spittelau

Gersthof o
nbb Wahringer W e
Strake la
S48 Yolksoperg)™™

Hernals = Vh.di-:‘t'eltrn'leuerrn-
£llg.Krankenhaus
g Schotten

Schottent:

Rathausi

Alser Strake

Josefstadter
Strake

Ottakring

Thaliastrake
sse-Stadthalle
Breitenses

Penzing

Ober St.\eit

Unter
St.Meit

Braunschweiggasse

. trake Wifestbahnhof
Hietzing Gumpendorfer Str.

argaret

giirtel %

Meidling Hauptstrake -
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Problem:

How many grams of CaCl; are needed to completely react with

25.0 mL of 0.100 M AgNOs?

grams

grams

ol €= mol e

|
7

molecul!

Solution

@

CaClz ) + 2 AgNO3 (aq) = Ca(NO3)2 (aq) + 2 AgClg
E o @ &
: mb = =2 mol —>”"°‘—'>3
: e
(O 100mL=1L PO, Cecl,
(2 ©00mol = | L
, & Totesmel Osch, - Mo 9By
L0 & ppi—— & . g st
;szg o, 208 2810m= " Toooml 1L Apadby el =
( “O‘ngl
10984 4 = [ ol 0,/3373 a

N
-

:/01’39 %C}C/L /

r——




Problem:
How many mL of 3.0 M HNOs3 are needed to completely consume 2.7 g Mg?

grams

grams

»| L (soln

Solution Mg ) + 2 HNO3 (aq) = Mg(NO3)2 (aq) + Ha(g)

: © & - e
: QM3 pol Mg => mol =2 b, > mL-
: ——r W.\J
Mz(i} I’H\?O3

Q@ 24,3050q = lmo(

Q@ | M3 = 214N 0;

@ 3.0 M HNO3 \ mel 2 004 - (O, L
: 3 z\-{Jo"’i'Ofb | V‘[Q 3.0 mal ey = ?L/m Lo

@h\t_ ~ 1000 pml_
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3

» The balanced equation.

|

—_

8

Solution techniques in the lab. S40,

» Example Stoichiometry Calculations » Using volumetric glassware. N

T IT]

e,
©

» mol = mol calcs (2 steps) v » Dilution

Braunschweiggasse
Meidling Hauptstrake

Niederhofstr.

19.82 mi =
. m : ¥ _ ‘ . Heiligen:
» mass — mol; o+ > » Calculating volumes Oberdibling
mol — mass calcs (3 steps) = A : : D
= » Calculating concentrations. Sk ity
» mass — mass (4 steps) 1= ) ) i
L' . R C l l . \/f\ 4 T]trat]on Nl.éisdcgfer
» Liming Reagent Calculations - , , Wtringer|
g . g o » A technique to find v
4 What 1S a l]m]t]ng reagent? Concentrat]on. Hernals AIIgAKE;ircd?eenl-.%ea{lesm‘ Sy
] » Finding the liming reagent. 1 broene g’j‘o'j%jéjf; e
axrin rake Rathaus
| » Theoretical Yield & Percent Yield. e | Thatastrabel|
'Y o i e Burggasse-Stadthalle ‘hgaise.’l'
ol 515 545
} Excess Reagent mol H mol Hiitteldorf Breitensee 41'-!5
. N .« . Penzing —4| unz
» Finding excess reagent remaining. 5 "« = T Vs o
l molecules molecules Qber St.Veit SUtl?\tfili't e e iGen el
d N —"
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Volumetric Glassware

» Volumetric Pipets and Volumetric Flasks
have a long thin neck and with a
calibration mark.

» Small changes in volume make big
changes in the level of the liquid
allowing you to precisely measure the
volume for which the device is

calibrated. 19.82mi_
» The volume is right when the meniscus of /%™
the liquid meets the calibration mark. 19.62 mi
y f‘, oy
d -\K"
1 )
Concave
meniscus

M

{1111

-
[(e]

g)llﬁlllhlllﬁxllll

Convex
meniscus

=y \"‘{

™

\ : ;f
Calibration |
, || mark \

Pipette Volumeffic ﬁask



Dilution

» Stock solutions are solutions of known concentration. moles before — moles after

» Most solutions are made by diluting a stock solution to a
new molarity.

» Dilution just means adding more solvent. Vbefore before - Vaﬁer after

» Dilution never changes the number of mols dissolved in
the solution.
— just the volume of the solution around them.

only when diluting!

» Molarity and volume change with dilution, but because —
the mols don’t change... boete
— the ratio of volume to molarity is constant.

, molarity X volume = moles
» What volume must you dilute 25 mL of 8.0 M Ca(NO3), to

make a 2.0 M solution?

' Stock — T ‘
i solution ‘

Va Ma & oM. 25wl

-
-

(g 2O MY

| OO mlL

-

]

\/P{
(10 BlO%Em L)

» How many mL of 6.0 M HCl (aq) do you need to make 200. i
mL of 2.0 M HCl (aq)? \ l

\‘4 <= Important:
/\f[ : ID/}/ Mark —
Vi el o /_ e — Don'’t confuse
LN Ma = e ~ e 7m stoichiometry with

‘ ~—Dilute dilution problems!
\r. — solution
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HCI (aq) + NaOH (aq) = H20 () + NaCl (aq)

4

Titration is an analytic technique for
determining the concentration in one
solution by carefully adding a measured
quantity of a known solution and observing
a clear end point.

The unknown is called an analyte.

The standard solution is called a titrant or
titrator.

The end point is the point in the
experiment where an indicator suggests
the quantities of analyte and titrant are
equal.

The equivalence point is the point where
they actually are.

» With a good chemical indicator, the
two should be close, but your
equivalence point is almost always
reached before you see the end point.

An indicator is a chemical added to the
mixture that changes color close to the
equivalence point.

Finding the end point with a chemical
indicator requires some skill.

Titration

20.0 mL of
acid
solution

Pipet

__— Initial volume
reading

'/// Buret

Standard

= NeOH

solution

20.0 mL of
acid
solution

Final volume
reading

Neutralized
solution
(indicator
has changed
color)



Problem:

A 20.0 mL sample of NaOHq) is titrated to an end point with 45.7 mL of
0.500 M H3SO04 (aq), What is concentration of the NaOH solution?

grams

grams

/

Solution 2 NaOH (aq) + H,SO, (aq) — Na>SO, (aq) + 2 H.0O ()

= O @ @ \
E mL—"sL = ﬂ"\al — I""\Q1 /\/ZOH :..r\-f-l— - n'1o/2/~7|l7
: \_,/“"’"‘\"’"uw Yo
; [&.ZGOL(
O (@COmLlL = | L _
O, ord A
} E =, .»n) e I £ i T~ /(?‘xla
@ ZNzol = | In‘ZSOg/é gid el (e00m{_ (L ; # mo |
=4 2
e
20.OmL = 00200 &

ol

mol [«

)
;

molecules

\

> L (sol'n)

molecules

A—

f‘

0. 0200 (. —

.

~2
L S ®) mo ’;/ > 29 M /

—
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