96

More on MOLARITY

To prepare a solution of a given molarity, you generally have two options:

Weigh out the appropriate amount of solute, then dilute to the desired volume with
solvent (usually water)

/\“s’rock solution”

Take a previously prepared solution of known concentration and DILUTE it with
solvent to form a new solutfion

- Use DILUTION EQUATION

The dilufion equation is easy to derive with simple algebra.

M x \/

m/‘)l YL = moles 50\\/1"(

L
... but when you dilute a solution, the number of moles of solute
REMAINS CONSTANT. (After all, you're adding only SOLVENT)

= MW, \/
N\ \ \/\ L r\ Since the number of moles of solute stays
before after the same, this equality must be frue!

diution dilution
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/\/\\\/\ = IV\(L\/Q_ ... the "DILUTION EQUATION"

N\\ ~ molarity of concentrated solution

\/ | = volume of concentrated solution

N\ 2~ molarity of dilute solution

\/L = volume of dilute solution («\-—d Hk oW me,j m}l" \ro| vw e oﬁ'
ard e so\ven
The volumes don't HAVE to be in liters, as long as you use the same volume UNIT for both
volumes!

Example: Take the 0.500 M sodium sulfate we discussed in the previous example and dilute it
to make 150. mL of 0.333 M solution. How many mL of the original solufion will we need to dilute?

N\\\)l - ml\}'), M, = O.S00M /V\,LTO-VﬁM
.7 3
\}\' p \/lh lgO[ﬂ\L

(O.Soom}(\/l] < (0-“?/‘”\)(\50’“’&5 |
\Jl:ﬁCP,‘imL of 0.500 m Nay 5oy \

Take 99.9 mL of 0.500 M sodium sulfate and add enough water to make 150. mL
of solution. (Ideally, use a 150 mL volumetric flask to get the total volume)
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CHEMICAL CALCULATIONS CONTINUED: REACTIONS

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

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

2 Al Lo «3 By (D) — 2R G ()

\ coefficients are in tferms of
atoms and molecules!

) aXoms A’\ — EMO\RCU\CS BrL: lhfm\)\”\\)\/\(\’s /\\\ B\r3
/Lvnd\ ]\\ :% mo\ BI‘—Z_Z 1%0\\ m\ \B\fz

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

- Relate the moles of one substance to the moles of another using the equation
- Convert the moles of the new substance to mass or volume as desired
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DA + 3B (1) =7 LA By (o)

* 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 to moles: Need formula weight R 0 ~ 1 X779 96

19,404 By = wéo\ ol 159. %0
mol by — 0.|S64S mol Br
15,0986, A 159,90 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,)_

@ Convert moles aluminum to mass: Need formula weight A} 22 6 .79

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

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

@‘gq'%038r7_3 o) 6rl @ ) o {5\\:3"\'0\ %‘F’L @1%:9%3{5(\: ol !3«\

AR Dmod AV L6, 9%6 A \
25,0 B, X - 27 |\ o Al

X K
\99(603 BB_ 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?

1}— Q) Cog )+ NO\'LCO (s 7 Ha0(8) +log(gle BM-C 1leq)

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 fo volume HCI solution. Use MOLARITY (6.00 M HCI)

O NuypCoy ~ NalZx171,Q
C 1 x 12,04
- 3% 1600

10509 N (0g = ml Min (O

[/ Y O
15,0, Nigcoy v m 00 oy 9356715066 mel Maa(03
J 105.99 4 Moo (03

(D) 2 wmol KL 2 ms) Nay (0

\
D 135‘57|30%QMIN4J°37<2"""] A =Q.H 71742617 L wl ML
l W\b\ N(/\'L{O’S




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

2HO g )+ Nag Loy (s) — Ha 0(0) ¥ (0 Cylw LN-CY L)

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 volume HCI solution. Use MOLARITY (6.00 M HCI)

@ G.OOW\D| HC‘:L

N)YLE 7L wl BT L - 0.07%( L

0.~ (00 my| HC|

Since the problem asks us for mL rather than L, we'll do a quick unit conversion.

m L= 10" 2L

65075 Lx—mb = 7¢.0nl of b.oom M|
0”5




103

”‘\’L,()cgglvw)\ 3,069 9lmu\
P, = Lo — H (N «6HL0 « Ny,

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

CD H?_O(Glﬁ K'BH{) z Imo) ('B Hg @ Hmel Q?’Hg: ol C%’H]M
@ S5.06K 4 (SHZM < Mol (SHW
651 o (e, x 2B H | eGPV $3.064 g (M

AW Z IR Crtpa e voe Y ‘ilLﬂN
@ @ @ 373
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|S\.°/O’9/mu\
10 FeSoy + 2 kmno, + S50y —>5Fe, (S0, ), L Mndoy~ kS0,
+ %HL'D

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 solufion volume. Use MOLARITY. (0.250 M)

(D 151,904 fesoys ma Feso, () 10ml FeSoy = Lmal kmna,
(® 0,250 mol KMoy = L

mi FeSoy Lmal KMn0, L

- 0.0l77L
1S |'(’03 FQSOL{Y\ 10m.| CeSo k 0.250 mol NMuoy

%.%%3?6 SO%X ]

We'll need to COHV%I’T this answer to mL, since the problem asks for mL.
_

m 210

0.0177L % m L ~[\D,7 mlL of 0.5 mMm anobf\
1673 L




CONCEPT OF LIMITING REACTANT

- When does a chemical reaction STOP?
A
?—N\(g (¢) © DLLE’)) 71’\/\‘30(53
J = Y Flame,

Magnesium oxygen from

N\
strip air

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 ‘leftovers’.

/& These are often called "excess’ reactants, or reactants present
'In excess'



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 % l1L.0| 64,10 <- Formula weights

(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?

fg\O', Sgogﬁ C&\O?mdl (ho |

l‘nol C;,‘O - IMu? ChCL ‘ (3‘1.',[03 ££\ C'?.. > I"""l)l (-\(L

C4.10 4 (¢ (
\OO ( OX me| (a O mol (nlq glaly 3
) SE. o‘zﬁ qu\‘ mo\ (0 ¥ Mo | (“(L =\ \ (M(

(V000 g €2 wmo) € | Dol (= el Laly ‘ L10g Cula zimel (ulo,

C W\ﬂl C& C.L Q(‘Lloj Ch[?’
\ﬂC 'Smo\(, *\ DJ(QC?_

|OO§)C7‘\10 _'|7Cég(.c\(.’1_

114 grams of calcium carbide could be produced in this reaction. At that point, all
of the CaO has been consumed, and there is nothing left for the remaining carbon to
react with. We say that CaO is LIMITING, and C is present IN EXCESS.



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
PR L of oxygen available

~ ... while this reaction is more favorable in low-oxygen
1(*' Al 0 "L ; 7’ LO ‘ environments!

... 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
| w2\l oceur!

... then scrape product
off paper!

Pour i/W
through filter! ! '



@ EQUILIBRIUM

- Reactions may reach an equilbrium between prodcuts 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!
P{’QCQI\/T__ ALTval YIELD % 100 %
YIGLD 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]!




