Name Hour

Learning Goals:

1. lcan calculate the moles of a compound produced given the mass of one reactant.
2. |can calculate the mass of a compound produced given the mass of one reactant.
3, |can calculate the mass of a compound produced given the moles of one reactant.
4. |can calculate the moles of a compound produced given the moles of one reactant.

5. |can identify the limiting and excess reagent when given the masses two reactants and calculate the amount of
product. '

6. |can calculate the amount of heat produced for a given mass of reactant from a balanced chemical equation.

VOCABULARY (I can define/describe the following terms in my own words)

* excess reactant * molar enthalpy of reaction * stoichiometric factor
* limiting reactant ‘
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Stoichiometry of Shapes
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Stoichiometry Introduction

Let’s consider the balanced reaction equation between hexane and oxygen gas to form carbon dioxide and water:

2C5H14 + 19 0, - 12 CO, + 14 H,O

What we need to do here is ask ourselves exactly what this equation tells us. First of all, we know that the equation is __
oLl since there are the same numbers of each type of __ Q& ﬁm_f\ on each side of the equation.

In balancing the equation, we manipulated the number of molecules on each side of the arrow. Hence, the (¢ €4#) / 3
depict the number of molecules involved in the reaction. So, in the reaction above, 2 molecules of C¢Hy4 react

with 19 molecules of O,to form 12 molecules of CO; and 14 molecules of H,0,

It is doubtful that dealing with molecules directly in calculations would ever be convenient since molecules are so
incredibly small. However, since one mole of any compound has the same number of molecules (.02 X/¢ % the
number of molecules in a sample is directly _D vy O(rr~ (/hOJ to the number of moles present in that sample.
Because of this, the (@ P/‘)-. /Q/VJ—S ' _in'a balanced chemical equation also depict the number of _m g )e S
involved. Hence, the above balanced equation also tells us that 2 moles of CsHy4 react with 19 moles of O,to form 12
moles of CO,and 14 moles of H,0. Units of mass or volume (g or mL) C’,Iﬁ) nnNoOT be directly substituted
into this statement since 1 g or 1 mL of two different substances do not necessarily contain the same number of
molecules.

So, given a balanced chemical equation, we are able to determine the mole (‘Q/' a)h(/h &}\ "p between any
two components of that equation with respect to the reaction involved. Hence, a balancéd chemical equation enables
us to determine the number of mgjeg of one reactant that will react with a given number of moles of another
reactant. Likewise, we can determine the number of moles of a _ y€a. C I which would be required to
produce a given number of moles of a pr-od.u/d‘ . Essentially, we can determine the relationship between any
two substancesina __Da lan ce,c&. chemical equation in terms of moles.

Solving problems based upon ba,’w O’l chemical equations is a topic called Sf}'o) JQ me | /‘77/\
(pronounced “stoy key om it tree”). The mathematical process used in solving stoichiometry problems of this type
involves dimensional analysis. The central dimensional factor for stoichiometry is based upon the corresponding
balanced chemical equation and we will call this the stoichiometric factor. Stoichiometric factors have __ "¢ )\e

units in BOTH the ) G @ty andthe A enamin ah;r\ . The difference between
numerator and denominator lies in the substance involved. The numbers for the numerator and denominator are taken
from the \f)(p\ We}\ chemical equation. Namely, the corresponding coefficients from the balanced chemical
equation represent the number of MapleS involved. Which chemical species is in the numerator and
which is in the denominator of the stoichiometric factor depends on what is required for unit __ Caun ggﬁ/lcd an

Let’s again return to the balanced chemical equation:

2 CgHiy + 190, = 12 CO, + 14 H,0

Some possible stoichiometric factors which we could use from this equation are

2 moles CgH14 19 moles O, 19 moles O, 2 moles CgHyg 12 moles CO,
19 moles O, 2 moles CgH14 14 moles H,0 12 moles CO, 14 moles H,0

Again, the numbers in front of the mole figures in these stoichiometric factors are merely the corresponding
coefficients from the balanced chemical equation. To use a factor derived from the chemical equation, we make sure
the substances involved are those, which are expressed in the problem. The “starting” data substance will be in the
denominator of this “mole-to-mole” factor and the “answer” will be in the numerator to allow for cancelation of units.
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Example Problem 1: Determine the number of moles of O, that will completely react with 30.0 moles of CsHy4 in the
reaction above.

The “starting” data species is CsHi4and so this will be in the d enam /M\,‘I}'(n" of the stoichiometric (mole-to-
mole) factor. The answer sought involves O,, so this will be in the f\wme/&/‘fm" . Again the numbers for
this factor come from the balanced chemical equation.

30.0 motes Cebbr | 19 moles 0, = 285 molesof O,

‘ 2 motes Cobtry
Note that we not only indicate the /O )Q units in the stoichiometry problem above, but we also indicate
the %ujO{t‘;‘W‘s involved for each mole unit. Thisis i/ POYY in stoichiometry since the units

otherwise would easily become confused.

Now it’s your turn.

Practice Problem 1: Continue to use the same reaction as above: 2 CgHys + 190, > 12 CO, + 14 H,0. Carry out the
calculations to determine the necessary quantities. Set the work for your problem up as show in the example above.

1. Calculate the number of moles of CO, produced from the complete reaction of 7. 30 moles of CgH1a4.

.30 mae) C@H,qlm males Cox _
| &mar (M 13,8 mo) CCy

2. Calculate the number of moles of O, required to make 9.35 moles of water.

A.29 mo| "Lz,()/ 19 moal O3 = 13.69 mo) O
| 19mal Ho0

Our work above in using moles to do stoichiometry problems is really nice but we seldom, if ever, would measure

maoles directly in the laboratory. A very common way to express an amount of material is to give its mass in
A (T < . However, moles of different substances would have different masses in G ren 3 Smce
stoiE\hiometry works only on a mole-to-mole basis, masses in grams would have to be Con VE,_ RTC D
moles before we could use the stoichiometric YZLJ")‘O which deals exclusively with males. If the answer is
sought in grams, the mole figure from the stoichiometric ratio would have to be ¢ ¢w U@ fe to grams for

the substance involved.

To convert between grams and moles or moles and grams in stoichiometry problems obviously requires using the
Maleasdo wezw\b\j—s (aka formula masses, molar masses) of the substances involved. Of course, a

edeneod chemical equation is also needed to determine the stoichiometry mole-to-mole conversion
factor. Let’s use this next question to review equation balancing and calculating molecular weights.

Review Problem 1: Balance the following chemical reaction equation.

__&__ HNO3 +_j;_ Ba(OH)z > _l__ Ba(NO3)2 + Q H,O

Review Problem 2: Find the molar masses for the following compounds to the nearest 0.01 g/mol.

1. Nitric acid, HNO3 3. Barium hydroxide, Ba(OH),
10,0  Y.61 +3(10) (039.33) +2016) + 2(1.00)
(b3.02 q/mo) HNOg 17135 o/mo) Ba(0H)2
2. Barium nitrate, Ba(NO3); 4. Water, H,0
V(13933 2(1y.01) F Gl10) 2(1o)) +1G
R&l'zgﬂ/”"w' %CL“UO&)'L /§.02 g/mal HeO Page4 !



Now that we have a balanced chemical equation and know the molar masses of the substances involved, we are ready
todo ‘:5\7)"(,1’1 ,"/m\d'ﬂ/\ problems based upon gram masses. Basically, if the data species is given in grams, we
use the molecular weight ofthe data speciesto _ Cem !&}" itinto __moles . Then we use the
stoichiometric mole-to-mole conversion factor to deduce the number of moles of the “answer” species involved. Then,
if the answer is required to be expressed in _ oG m 38 , we use the mo)f&o,u(c;,r wliaht of the
“answer” species to get the desired answer exf)'ressed in R E RS . This process is re?)resented by a single
string of dimensional analysis factors, v

Example Problem 2: Using data and results from the equation on the previous page, determine the mass (in g) of water,
H,0 produced from the complete reaction of 400.0 g of nitric acid, HNOs.

The “data” species in the problem is HNO; (since we are given how much of this species that we have —i.e. 400.0 g) and
the “answer” species is H,0 (since we are attempting to determine how much H;0 is produced from the reaction). The
balanced chemical equation from the previous page tells us that 2 moles of HNO; and H;0 are involved (namely, two
moles of HNO; produces 2 moles of H,0). The calculated molecular weights are 63.02 g/mol forHNO; and 18.02 g/mol

for H,0.

4000£0fHYD, | 1mdiHNO, | 2mofsHd | 18.02gH,0 = 114.4 g of H,0
V4

63.02; HN}Za I 2 mol/r_(s Hyb?, [ 1 m/dle H/O

Practice Problem 2: Using the data from Review Problems 1 and 2 and referring to the example in Example Problem 2,
carry out the calculations necessary to determine each of the following quantities based upon the chemical equation
present in Review Problem 1.

1. Calculate the mass (in g) of Ba(OH), required to produce 100.0 g of H,0.

st O | | el P (OW)2 | 191,35 Bal 082, _ i
: 4 - '8 |
1§ .02gth0 | 20T a0 [ 1961 BaCoH)z NS, M RO,

2. Calculate the mass (in g) of HNO3 required to react completely with 50.0 g of Ba(OH),.

6(’)‘0%%& (OH)ﬂz_ﬁ | pesT B (6H), | 2t J@B,OZ,LG\WU% - 30,05
‘ 191,25 B (O | | mpe B O, | 1 06) Hivog /f/-n')c)ﬂ
3
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Stoichiometry Examples
CaC, (s) + 2H,0 (I) = CH, (g) + Ca(OH); (s)

If given 25 grams of CaC,, how many grams of Ca(OH), would be produced?

9% 0sCa| L erghCaCe | [ moY (0| 79 Colan),
< — - ' Ci

0l IOK‘C&CZ_ ] !mé\ Ce Co. l ) el (4 (O/'/)Z, CcL(OH)
2

If given 1.35 grams of H,0, how many moles of CszAwould be produced?
135 O o WO | 1mo) Coby 00399 ) €1
8.0Lg W0 | Zmdl 120 379 mol Co 4,

2NH3 + H2504 > (NH4)2504

If given 45.89 moles of H,SO4, how many moles of NH3 would be required?

5.8 9 mal WSOy | 9 mol )
) ")”(0\ HL SOL(

= 9).98 mo) WH;

If given 0.890 moles of NH3, how many grams of (NH4),SO4 would be produced?

0. %CIOmo\ (VY ’:‘ lf“ﬂ‘ (.mprv()’z, SOH‘ 132,10, (,M/L,)»ZSO(,/»
| 2mal My | fped GOHiSOy

—
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Limiting Reactants Notes

Limiting Reactant — /_) W %a} \‘5 Cen S(A/rﬂe_(p) Cern /@/ﬁﬂzéu ,“‘v.,\ w)
(rwns 03~ 157) P * m
Excess Reactant — Q r\e,&,c/w \H\(,\j w‘\\ na% bq U/SQ‘(Q} UJP ‘)’/\ oY Wcﬂ\
Csomo e guer)

Visual Representations:
Fe = Dark Circles, S = light circles FeS is the product of this reaction. Draw the products in the box below.

OB (o Which reactant is limiting? (3, H,

Which reactant is in excess? f\)gyap

Jdo o

@) @) Which reactant is limiting? ﬁQ
® O o

NHjs is the product of this reaction. Draw the products in the box below.

Which reactant is in excess? S

Which reactant is limiting? M

9 v
® o

In a problem, with a visual representation, when deciding which reactant is limiting and which is in excess, it is important
that we are comparing like substances (apples to apples). Therefore we must convert one reactant into the units of
another so that we are not trying to compare apples oranges.

Which reactant is in excess? H

Example #1
p{ 7 2NaCl + Pb(NOs), > 2NaNOs + PbCl, (%

Problem: In a reaction of(15.3 g of NaCl syvith 60.8 g of Pb(NOs);) how|many grams of PbCl,/will be produced?

Solution: 1. Change both given amounts to moles. Then, change the first chemical into the moles of the other,
using the mole-to-mole ratio.

16,2, | - -
5S¢, yy Nac{[ 7 mal Na(| S fne ' )3)3_:)

©O\8¢, Pb(1I02), | ) o) Phlo,y,) 0,183 o) Pb(Voz)~

339.’2/@{17 rGg i o
2. Whichever number above’that is smaﬁest, that chemical is the limiting reactant. The other chemical is

then considered the excess reactant (a synonym for reactant is reagent — you will see both).

Limiting Reactant: ’U a C [ Excess Reactant: PIQ (/7)0321
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15, %oy Vald .

3. Using the limiting reactant as your given amount, calculate answer foproduc) (from the question).

16 gc VULL(J) ,mo} [/UUC/I }’V\o Pbclz /Z?S’ /C( PJQC/L. ) ,
l68 (’/('/\rj'ma(/l‘ ZVh/) /UQC { l VWZ ; 7[)( - 3(01 %P‘AC//

4. Sometimes you will be asked to calculate the amount of excess reactant left over. To do this you will start
your conversion with the limiting reactant again and convert to the@@f the excess reactant. Then you
will subtract the mass you calculate from that given in the problem for the excess reactant.

=3 3o WaCl |) gt maC I

| .44 1) T oy, 13+ ity
(0. o (gen) = 4344 (usey) / /7 /q ( Je Lm used by rtuchron,

Example #2
2HCl + MgS0O4 > MgCl, + H,SO0,4

Problem: In a reaction of 25.34 g HCl with 10.23 g of MgS0,, how many grams of MgCl, will be produced?
L2076 A WRE 29 e v Too-d 2

Solution: 1. Show your work below to determine the limiting reactant.

25 M HC [Imol Bt | Imd MyS0y = (), 3YDS ) Mg SO,
’?)(OLG% Hc [ZW\O\ HC’ J /

10.230 MgS0y [ Lol Maso, = [0.084999 me) MoyS0y]

| 120. 3%c Mg SOy
2. Limiting Reactant: m% Dou Excess Reactant: ILIlC/ ‘

3. Using the limiting reactant as your given amount, calculate answer for gg(_i_u_ct
120 35’% Vlc SOy ) ln’ld’ mﬂSOL/ / [ mal MJU?' fi
mc‘\\Clz

4. How much of the excess reactant will be left oy/gr?

,O Q%C( mqg()t{l [ mg) M(SOL( \zm()\ 7[C l 36 g 7[CJ
[ 120,386 M504 | 1me M5, | o\ HCI

=l qu?od Hed
(1sed ’Dﬂf‘&xj)d\r\
PR B \

95 ‘//cd(.%,w?/n) (ﬂl%n% (u/SeJ)«) ~ lq/b/g Je F/mfer
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Heat in Stoichiometry Problems Notes

The amount of each transferred during a reaction is called the molar enthalpy of reaction (AH,,,). It is reported in

kilojoules per mole of reactant. A reaction that produces heat is Exp M\Q/"YW 7'QA, and has a
r\,lZo;\)(,uH gl F‘ ) AH,,. A reaction that absorbs heat is @VL&’) ‘-”WM’L and has a
Pos i’ (H)  AH,,

Consider the following example problem:

How much heat is produced when 85 g of sulfur reacts according to the following reaction?
2S +302 > 2503 AH=-792kJ

Follow these steps to solve these kinds of problems.
A. Write down the given information
B. Convert given information into moles. (If you are given moles in the problem, you can skip this step)

C. Once in moles, use coefficient and AH to convert from moles to kJ.
D. Cancel units and solve, rounding to correct significant figures

® ©
85 S|l S | -N92kS _ - B
< I%Z.o*)%rS | 2 o) S ) _JOL/CI, S5 kD =

UV\O‘M’ messS

Let’s try another example problem:

How much heat will be released when 6.44 g of sulfur reacts with excess oxygen, according to the reaction above? (Use ;
the steps above to guide your set-up.) f

Glep ) @) (® o o

(ot oS | Imgrs | 2T2ES = 09 62407 (795K S
s s Jazz)
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