99

LN L)+ 3B, (L) 7 LR Bey ()

* 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?

@ Convert grams of bromine fo moles: Need formula weight R 0" ) %% .90

\SQ,%DE,)B(Z: wéo\ 02 159 . %0
wmol DT — 0,1S64S mal Br
15,0680 1 15990 g By, )

@ Use the chemical equation to relate moles of bromine to moles of aluminum

D ol AVS Smol By
D ol A\
3 mol %\r,?_

C’f)) Convert moles aluminum to mass: Need formula weight A - L6.7%

9% o A
0 106420 md Al x, —22 \/(&f\i | =[1.8lg

0.1S64S mal By X =~ 0.lo430 md Al
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You can combine all three steps on one line if you like!

@\89,3038(,}_: o) 6rl @ ) o {5\\:3"\'0\ %‘r’L @1%:9%3{5(\: ol A\

AN Dmod AV L6, 9%e A \
25,0 B, X - 27 |\ o Al

X K
\99(603 Bﬁ_ 3 mol %‘F’L o) A\

® © ®

Things we can do:

If we have ... ... and we need ... Use ...
MASS MOLES FORMULA WEIGHT

SOLUTION MOLES MOLAR

VOLUME CONCETRATION
(MOLARITY)

MOLES OF A MOLES OF B BALANCED
CHEMICAL
EQUATION




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

25.0 g of sodium carbonate?

::'2_\-—\C\ Lag, )+ "'/\/(/\7_[,0:5 () —> Hoo(W)+ (Oz(y]-\r LNLC) Lcwb)

1 - Convert 25.0 g sodium carbonate to moles. Use FORMULA WEIGHT.
2 - Convert moles sodium carbonate to moles HCI. Use CHEMICAL EQUATION.
3 - Convert moles HCI to solution volume, Use MOLARITY (6.00 M)

@ NO‘ZCO?)’ N&«', 2*22.99
Cs X I1?2.00
O* 31606

|OS.993 /\/a,fl[()szﬂxo) )\/&1[03

TT\()) N&'L (0’3
105.9 94 Naqg (64

@ L mg| HC) = mol /\/0\2(03

D mol HC

= 0.23S567150%6 mo) May (04

Q_S.OS I\/L‘,L(Os X

— 0,UN242L6)2) wol HC

0.235%2130%6 mo) Naqg (04X



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

2_\"’\[_\ kab\l‘)—\- /\/0\7_(,03};7-% Hlo(Q)—t-(_o.l(fj]-t- 'LNI«C_\ (‘oﬁ))

1 - Convert 25.0 g sodium carbonate to moles. Use FORMULA WEIGHT.
2 - Convert moles sodium carbonate to moles HCIl. Use CHEMICAL EQUATION.
3 - Convert moles HCI to solution volume, Use MOLARITY (6.00 M)

@(9,00 mol H( ) = L (Ecom 6.00m He| )

L
0,UN 742612 wmsl HCI % = 0.07%6(
¢,00 myl H(|

Since the problem asks for the answer in mL, we need to do a quick unit conversion!

mL=10" "

L |
O,é?‘séL%mt[—?%,é mL of €.00 1 H¢|
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”‘\1,0(6|3|vvu)\ 3,069 9lmu\
HlaH, € LNO — H(gHaV *6H 0« N

propylene acrylonitrile
Calculate how many grams of acrylonitrile could be obtained from 651 g of propylene, assuming
there is excess NO present.

1 - Convert 651 g propylene to moles. Use FORMULA WEIGHT.
2 - Convert moles propylene to moles acrylonitrile. Use CHEMICAL EQUATION.
3 - Convert moles acrylonitrile to mass. Use FORMULA WEIGHT.

@b]’z.og]ﬁ CZHG = mo) (3H6 @ H mol CzHétb/rhM <3H3[\/
@ g3,0(,b|g(gH3A/ :YM)(gHg’V

mo) (3 Hé y Y myl (3H3/V 5_3.060|9C‘3Hgl\/ _

A RACLAY

L)/Z\.Og)ﬁC'SHé LIM()| C'&HQ * V'\O|(%H'b’\/
© @ ®
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|S\.°/O’3/mu\
10FeS0, + 1 KMndy + $¥ 50, —>5Fe, (S0, )+ L Mad0y K80
+ %HLD

How many mL of 0.250M potassium permangenate are needed to react with 3.36 g of iron(ll) sulfate?

1 - Convert 3.36 g iron(ll) sulfate to moles. Use FORMULA WEIGHT.
2 - Convert moles iron(ll) sulfate to moles potassium permangenate. Use CHEMICAL EQUATION.
3 - Convert moles potassium permangenate to solution volume. Use MOLARITY (0.250 M)

QD 1¢ l,C]oﬁF.e SOUl = mo) Fe SOy (@) 10 mdl FeSOLI = Ly kthL’@ofLSO mol kMhog =L

mol FeSoy 'Lvr\o) RMHOL{* L C 0.09L
ISI,Q()%FQSO lOmu\FQgOL, 0,250 mol kMnO 4

O @ ®

Since the problem aslks for the answer in mL, convert 0.0177 L to mL

mLz 1073\

R’ .’5(;8?‘38011)(

0.6177L Y ')’“LL 17.7mL of 025010 Kino |
0
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CONCEPT OF LIMITING REACTANT

- When does a chemical reaction STOP?
A
?,N\% (¢) Dltfﬁ 71’\/\‘30(53
/ s Y Flame,

Magnesium g;(rygen from O\
strip Magnesium oxide
powder

- When does this reaction stop? When burned in open air, this reaction stops when
all the MAGNESIUM STRIP is gone. We say that the magnesium is LIMITING.

- This reaction is controlled by the amount of available magnesium

- At the end of a chemical reaction, the LIMITING REACTANT will be completely consumed

but there may be amount of OTHER reactants remaining. We do chemical calculations in
part to minimize these ‘leffovers”.

/& These are often called "excess’ reactants, or reactants present
"IN excess’
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LIMITING REACTANT CALCULATIONS

- To find the limiting reactant, calculate how much product would be produced from ALL given
reactants. Whichever produces the SMALLEST amouht of product is the limiting reactant, and
the smallest anount of product is the actual amount of product produced.

Example:  C(.0 % 1L.0| 64,10 <- Formula weighfts

(a0(c)+ 3C () ——7 CaCqy(o) + COCy)

If you start with with 100. g of each reactant, how much calcium Corb|de would be produced?

© $6.06 0 (40 =m0 (a0 @ mol (a0 = Mol Lele B) €104 (aly = mo) (aCs,

(0.0 ol Culr  GUIOG (o, ]
100. C D ¥ VV\O\ o} glaula - |b
I~ SG.U(\{%CMO»( mol (00 X mo) o (q \l | 9 CC\C'L

D 12.01 ¢ (= mol CQ Il L= rol Culy @) 64.10, Caly 2 mol (a(q

Mo (_ W\U\ CL\C'L Gq,on‘ ((,\(VL
X Y v
\'l.o]ﬁ( Ymo) ( mo) Co(q

|OO,5(/\( '_’|7% C"'('L

N

The reaction will produce 114 grams of calcium carbide. At that point, there is no more calcium
oxide left. Even though there's enough carbon fo make more calcium carbide, there's nothing
for that carbon to react with! We say that calcium oxide IS LIMITING, and the carbon is present
IN EXCESS.
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PERCENT YIELD

- Chemical reactions do not always go to completion! Things may happen that prevent the
conversion of reactants to the desired/expected product!

(1) SIDE REACTIONS:

(4 O~ — C 0 This reaction occurs when there is a large amount
2 Lol of oxygen available

~ ... while this reaction is more favorable in low-oxygen
1(—' Al 07« / 7’ (’O ‘environmen’rs!

... SO in a low-oxygen environment, you may produce less carbon
dioxide than expected!

(1) TRANSFER AND OTHER LOSSES

- When isolating a product, losses may occur in the process. Example: filtering

~ During each step of this process,

/’ some amount of product loss
T2 \ill occur!

... then scrape product
off paper!

Pour i/w
through filter! | '
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@ EQUILIBRIUM

- Reactions may reach an equilbrium between prodcutfs and reactants. We'll
talk more about thisin CHM 111. The net results is that the reaction will
appear to stop before all reactants have been consumed!

- All of these factors cause a chemical reaction to produce LESS product than calculated.

For many reactions, this difference isn't significant. But for others, we need to report
the PERCENT YIELD.

fDeTermined EXPERIMENTALLY!
PEQCC’I\/T__ ACTval I1ELD % 100 %
YIELD THEORE TVCAL YIELN

/\t Calculated based on the limiting reactant. (The chemical

calculations you've done up to now have been
theoretical yields!)

... The percent yield of a reaction can never be greater than 100% due to

conservation of mass! If you determine that a percent yield is greater than 100%, then

you've made a mistake somewhere - either in a calculation or in the experiment
itself!




109

¢ .Y 9 | o\ 1%, \\\ ‘Jlmo\ <- Formula weights

2249 31.6 g ACTUAL
CGH(’) - H’\/Obﬁ (’(:HS NO, + H. O
benzene nitric acid nifrobenzene

22.4 grams of benzene are reacted with excess nitric acid. If 31.6 grams of nitrobenzene are
collected from the reaction, what is the percent yield?

To solve this problem, we need to calculate the 0/ | H = actua|
THEORETICAL YIELD of nitrobenzene bbased on the by Theor X100
STARTING MATERIAL, benzene. )

OAE ”I'Ij QHG_ mo) (H @V’\o| (¢ Hé— ol [GH(;'VOZ

® 128l g (eHghty= o (eHg Moo
27 .4 g CHe X mo) (¢, He 5(n\o)(ngl\/{)’z Xll%_nlg (Ao,
7%'HM% ((He Mol (he mo) (¢H My

® @ R

actus)
A\\/leM = L\eor*wo RPN o =

3S¢23(6HSN#’L

- %g'%ﬁCQHQNO'L
(*I'l'\eo\r-e‘l';ﬁd)

$%.$% |




110 Electrolytes and lonic Theory

- electrolytes: substances that dissolve in water fo form charge-carrying solutions

* Electrolytes form ions in solution - (ions that are mobile are able to carry charge!). These IONS
can interact with one another and undergo certain kinds of chemistry!

IONIC THEORY
- the idea that certain compounds DISSOCIATE in water to form free IONS

Strong vs weak?

- If an electrolyte COMPLETELY IONIZES in water,
it's said to be STRONG

- If an electrolyte only PARTIALLY IONIZES in water,
it's said to be WEAK

- Both kinds of electrolyte undergo similar kinds of
chemistry.
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What kinds of compounds are electrolytes?

MOLECULAR COMPOUNDS

- Most molecular compounds are NONELECTROLYTES - they don't ionize in
water

-ACIDS and BASES will ionize in water. Most of these are WEAK ELECTROLYTES, but
there are a few STRONG ACIDS and STRONG BASES.

He0 -
(-\1\(\110 I\ (‘D\) 'LH Cl’L H'L'LUH (DIGL) ... honelectroiyte

]—\CLHZDUQ]H—% A g )t (M 017 (ag)

... acetic acid (electrolyte)

\ IONIC COMPOUNDS

- SOLUBLE ionic compounds are STRONG ELECTROLYTES - they completely ionize in
water,

- Not all ionic compounds are water soluble, however!

NaCl(s) L NAJf(acL) + (| " (ag)



2 - What good is ionic theory?

- provides an easy-to-understand MECHANISM for certain kinds of chemical reactions.

- "Exchange’ reactions. (a.k.a "double replacement” reactions)

Ao NOy Cug) * Nalllug) —> Ry Clio « Vaogle)

A~~~ N —
X A M(I\.Jc
Mo Noy C\”

\)

‘/\-N\/'\/_ﬁ'\ ’\/\_—_—\/\/_\'—’4
These free ions € % X
mix and can [\\(ﬁ NO} \ ‘\}(’“ /\/O -
inferact with each ‘\J L 7 3
other! (C\ ~ N /\/\/\M/\—\
\ Rl
"ion soup"! Insoluble AQCI falls out of solution

as it is formed - "precipitation’
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Looking a bit more closely...

/\/\/\/\/\,\/‘

N
C\”

The nitfrate and sodium ions do not really
participate in this reaction. They start and
end in exactly the same state. We call them
"SPECTATOR IONS".

e
\\\)o»k |/\/0 .

N
7

/)Y@C]

"Molecular

Ay W05 Len) = NaaCl ug) =7 AgClLsy + Ma My Lag) | S0t

/l\if;ku”ﬂ * C\_(%) — A3C\ (S)] "Net ionic equation’

(The net ionic equation shows only ions and substances that change

during the course of the reaction!)

- The net ionic equation tells us that any source of agqueous silver and
chloride ions will exhibit this same chemistry, not just silver nitrate and
sodium chloride!



"4 A bit more about molecular, ionic, and net ionic equations

- molecular equations: Represent all substances (even ionic substances) as if they were molecules.
Include spectator ions, and do not show charges on ions. Tradifional chemical equations.

- ionic equations: Show all free ions - including spectators - in a chemical reaction. Molecules and
WEAK electrolytes are shown as molecules. STRONG electrolytes (like HCI) are shown as ions. lons
that are part of undissolved ionic compounds are shown as molecules.

- NET ionic equation: An ionic equation that leaves out spectator ions. Intended to show only things
that actually change in a reaction.

/5\9’\/03(%)—% N(/&C\ \_aq_)’—B /1‘9(/\ ('g) < MG\WD‘ZLQ&,)

_ P _ +*
/)‘9*(‘”‘1/) & ]\/()3 Cay) f\};r(a\,t) * (,l Cm{)"} )\yU (s) *No\*(«ﬁ) {-1\}03 (aq)

/XSJ‘ [wﬂ Bl (’l—("”’lj —7 /\yClés)

* You can get from the complete ionic equation to the net ionic equation by crossing
out the spectator ions on both sides.
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"Undissolved ionic compounds”:

How can | tell if an ionic compound dissolves in water?
- consult experimental data: “solubility rules'!

A few of the "rules’...
- Compounds that contain a Group |A cation (or ammonium) are soluble

- Nitfrates and acetates are soluble
- Carbonates, phosphates, and hydroxides tend to be insoluble

See p 129 9P editiyn (o Ye) ptal)

... Or see the web site for a solubility chart,

e (o), Co (Lihy0q),

#8 - hydroxides generally insoluble, #2 - acetates are soluble, no common
except Group IA, ammonium, calcium exceptions.
strontium, barium

o o Conclusion: calcium acetate is soluble.
Conclusion: iron(lll) hydroxide is insoluble.

A%E\ %wﬁbz
#5 - Most carbonates are insoluble

#3 - lodides usually dissolve, exceptions are

silver, mercury, lead . . .
Y Conclusion - barium carbonate is

Conclusion: silver(l) iodide is INSOLUBLE insoluble.



