Unit 7

On completion of the unit you should be able to:

1. interpret balanced equations in terms of moles, mass units and number of particles.

2. given the number of moles {or mass or number of particles) of one substance calculate
the number of moles { or mass or number of particles) of another substance in the
balanced equation.

3. define limiting and excess reactants.

CALCULATIONS INVOLVING CHEMICAL REACTIONS

Reading: Hebden - page 123-124

7.1 Coefficients of a chemical reaction ‘-I-O [ ] ay S OC u S .

7.2 Calculations based on chemical equations

+ Mole-mole calculation

*» Mass-mass calculation

+ Mass-mole calculation

+ Limiting reagent calculation

+ Calculations involving neutralization reactions

Reading: Hebden - page 125-133

PROBLEMS:
Practice Calculations




Calculations based on Chemical equations [Sven moles, calculate moles

2. Mole-mole calculation
[http://nobel.scas.bcit.ca/wiki/index.php/Calculations_based_on_chemical_equations_- mole-mole_calculation]

How manyof oxygen gas is required to burn 3.60 moles of ethyl alcohol, C,H.OH?

Step 1: Identify the chemical equation involved

Step 1:
This is a combustion reaction invdwn% a compound containing Carbon,

H-dd'mr,n and Ond,?:n

The products of the reaction are carbon dioxide and water

Step 2: Write the balanced chemical equation.

Step 2:

The. balanced chemical equation is

CJHBOHflﬁ*aogti) - JCD; f‘i) + 3aH. 00




Calculations based on Chemical equations [Sven moles, calculate moles

2. Mole-mole calculation ¢

aH MI.'H'.SD(:]) .&CDJ{Q}* SHJDm

How many moles of oxygen gas is required to burn 3.60 moles of ethyl alcohol, C,H.OH?

Step 3: Determine the mole ratio of the substances that you are working
with specifically between ethyl alcohol and oxygen.

Step 3:
Furﬁ'lsey.lc.ﬂtm lm#ﬂm:\‘:.dmﬂt.ndc.mMOFC H OH ard O

o
- 3 moles of O is required to bun | mole of Cd%SOH

Mole. rafio is 31 D.:.l CJHEJOH

Step 4: Calculate the number of moles of oxygen by making the ratio

specifically for 3.60 moles of ethyl alcohol.
Step 4:

1FOmk:5 DF D‘; 1= r:.gurui to
ﬂ'u-.nQ O i rz‘%uw.d to bu

o b
Sel up the. e —

e ———— M




Calculations based on Chemical equations [ Givenmass, calculate mass

3. Mass-mass calculation
[http://nobel.scas.bcit.ca/wiki/index.php/Calculations_based_on_chemical_equations_- mass-mass_calculation]

How manyof oxygen gas is required to burn 20.5 grams of ethyl alcohol, C,H.OH?

Step 1: Identify the chemical equation involved: a combustion reaction.
Step 2: Write the balanced chemical equation.

Step 1:
This is a combustion reaction involving a compound containing Carbon,
and Oxygen.
'l}fEc. products of the reaction are carbon dioxide and water
Step 2:
The. balanced chemical equation is:
CoHOH 1)+ 30,0 2C0, (@ + 3H,00

Step 2a: Convert the mass of C,H.OH to moles of C,H;OH.

Step 2a:

MGI-GJ’M'JSGF':JHEDH is 4O t}/Mk

— '-i%i"lﬁ 2 O49EH moles (caleulation answer)



Calculations based on Chemical equations [ Givenmass, calculate mass

3. Mass-mass calculation - —_—— .
CJHEDHH'? .SD;(:}) JCD,;; Gi) SHJDLTI

How many grams of oxygen gas is required to burn 20.5 grams of ethyl alcohol, C,H.OH?

Step 3: Determine the mole ratio of the substances that you are working
with specifically between ethyl alcohol and oxygen.

Step 3:
For thi= question, I'm interested in the mole ratio o{\ C‘;1 HE)OI-f and f.'}:;1
- 3 moles of O is required to burn | mole of Cic OH

Mole. rafio is 31 Ch E ;HEDH



Calculations based on Chemical equations [ Givenmass, calculate mass

3. Mass-mass calculation - — .
CJHEDHH':- .30(1) .;.ICDJE.i] SHJDEI'I

How many grams of oxygen gas is required to burn 20.5 grams of ethyl alcohol, C,H.OH?

Step 4: Calculate the number of moles of oxygen by making the ratio

specifically for the number of moles of C,H;OH.
Step 4.

if(3)moles of Oq is required to bm-r(l}mle of C

ﬁtn@mnﬂi to himi“g %Lﬁffl‘sj,mle:; nf L H OH

x C}w"r"r‘ﬂ'i‘—-—
x = 3 (O4449%7) = 133490l moles of O 4(9
Step 5: Convert the number of moles of oxygen obtained in step 4

to mass of oxygen.
Step 5:

Molar mass of O, (g) is 3199 g/mole

L334 (ol 5 x 39 =T iﬂmﬁi 2 g:'
o
e

(2 :.‘:IT"IJ icant F:?;rf..-ﬂ

"t&‘-} ams of = n!: d to completel
burn ;1 5 -:grun:ﬁo? ethyl n!:: e

ratio m%m*ca'lﬂ




Calculations based on Chemical equations | Givenmass, calculate mole

C.H-OH(|)+ 20O —_— 00, (a +«+ 3H.ON
4. Mass-mole calculation a5 2@ 29 3

[http://nobel.scas.bcit.ca/wiki/index.php/Calculations_based on_chemical _equations_-_mass-mole_calculation]

How manof CO, gas is produced wher 20.5 grams of ethyl alcohol, C,H.OH, is burned?

Step 1: Identify the chemical equation involved: a combustion reaction.

Step 2: Write the balanced chemical equation.
Step 1:
This is a .:mﬁ:-.asmn reaction :rwlwr-% a eompound containing Carbon,

hibogeteond

The products nF *thc. reaction are carbon dicxide and water

Step 2:

- The balanced chemical equation is:

EJHE{JH{HJbED Lﬂ] * JCDJ {‘P + EHJD(P.'

Step 2a: Convert the mass of C,H.OH to moles of C,H-.OH.

Step 2a: |
Molar mass chC;HEDH is 4O g/mﬂk

-~ '-kicéfpﬁ??:; = O4449% 7 moles  (ealeulation answer)




Calculations based on Chemical equations [ Givenmass, calculate mole

4. Mass-mole calculation e

HEMH'}*.‘E}D&@ ———~ aC0, E.i] + 3H, 00

fel o

How many moles of CO, gas is produced when 20.5 grams of ethyl alcohol, C,H.OH, is burned?

Step 3: Determine the mole ratio of the substances that you are working
with specifically between ethyl alcohol and oxygen.

“ Step 3: Mole ratio of CO, : C,H:OH & 2:1.




Calculations based on Chemical equations [ Givenmass, calculate mole

4. Mass-mole calculation r
CQHEJDH ({)+ 3 03(1)

o CD; {1) . 3H30m

How many moles of CO, gas is produced when 20.5 grams of ethyl alcohol, C,H.OH, is burned?

Step 4: Calculate the number of moles of CO, by making the ratio
specifically for the number of moles of C,H:OH from step 2a.

Step 4:
J?@amh.:s ::rF EDJ i wﬂcm‘;ﬂ OH burred,
ﬂtnl'_El@ WT F\\W jos 9 C H.OH burned
=, ) .
rato mathematedly 1+ 2 (OGP  OFP mies  of €O, @
- (3 fmruﬁcmﬂ Fl?m:.j'l
O %90 moles of carbon dioxide. is produced when 3OS grams of
r,’rhd.l aleohal is burned




Calculations based on Chemical equations | Onereactantis in excess
5. Limiting reagent calculation and the other is used up.

[http://nobel.scas.bcit.ca/wiki/index.php/Limiting_Reactant_Calculations]

CJHEEHH'}#.%D;(@ ——— 200, ffi] ‘ ..'«:.HQDEI‘.I

(a) How many grams of carbon dioxide gas is produced when 20.5 grams of ethyl alcohol,
C,H.OH, burns with 100.0 grams of oxygen, O,?
(b) Identify the limiting reagent and how much of the other reactant is left over?

Step 1: Identify the chemical equation involved: a combustion reaction.
Step 2: Write the balanced chemical equation.

Step 1:
This is a combustion reaction Mw'nti, a compound containing Carbon,
Hy and Oxygen.

The products of the reaction are carbon dioxide and water.

Step 2:

The. balanced chemical equation is:

EJHE}DHH'.HEDJL%] » ;CDJ {ﬂ) + SHJD(H




Calculations based on Chemical equations | Onereactantis in excess

and the other is used up.
5. Limiting reagent calculation

(‘.JﬁEEHH'}t.%D;(ciJ .:{'DJ Eci] . .?-_‘.HQCJEI'I

(a) How many grams of carbon dioxide gas is produced when 20.5 grams of ethyl alcohol,
C,H.OH, burns with 100.0 grams of oxygen, O,?
(b) Identify the limiting reagent and how much of the other reactant is left over?

Step 2a: Convert the mass of C,H.OH to moles of C,H;OH.

Step 2a:
Molar mass DFCJHEC}H& o O fj/mlc.
305 - . f \
., s 44992 mole <  (eale lation an=wer)
e

Step 2b: Convert the mass of O, to moles of O,.

Step 2b:  Molar mass of o, (‘}) i= 299E ?/mle.

Lo, wle)

ams & - -

mile.




Calculations based on Chemical equations O”de f:actah”t A e
5. Limiting reagent calculation and the other Is used up.

o \ _— - &
['JHE(.HH'} E:‘DJ(? JE’DJ l'ciJ .%ngm

(a) How many grams of carbon dioxide gas is produced when 20.5 grams of ethyl alcohol,
C,H.OH, burns with 100.0 grams of oxygen, O,?
(b) Identify the limiting reagent and how much of the other reactant is left over?

Step 3: Determine the mole ratio of the substances that you
are working with.

Step 3: Mole ratio of Hhe subilances Uat you ane working witl,
Jecally:
- between C,H.OH and O, 1:3
o= - between C,H.OH and CO, 1:2
a WM OZ MW{ COZ 3-’2




Calculations based on Chemical equations | Onereactantisin excess
and the other is used up.

5. Limiting reagent calculation

CJHEMEH*SD (:? — 200, {:iJ . ESHQDLTI

(a) How many grams of carbon dioxide gas is produced when 20.5 grams of ethyl alcohol,
C,H.OH, burns with 100.0 grams of oxygen, O,?
(b) Identify the limiting reagent and how much of the other reactant is left over?

Step 4: Determine which is present as the limiting reagent and which is

present in excess.
Step 4:

From 51»:.;:5 2a and 2b, the mole ratio of O 5: C yHgOH is

1000 ¢ oxy ?c- S ERORASS - O4449T7
205 ¢ /divide bz‘ O 44498F, 1o ratio it o | mole of CHOH
has ﬂ'l:. !n‘:k I"l?lllll:.it / cCnc
Lf 3SNS - O4449%ET
\ O O4449e7
S 3023 |
o
Frr:m the balanced chemical equation, r
le. ed 1o burn | mole H e OH
== 3 moles GF% s required 1o burn DFC; ﬁ -

Mole. ratio Ifs@ G.:‘.l C:LHSDH
From the ~3 . | mole ratio, we conclude that we have an excess
amoun GF oxyge.n In other words, we will run out uF {'JHEOH Fﬂr:ﬂ




Calculations based on Chemical equations | Onereactantis in excess

and the other is used up.
5. Limiting reagent calculation

CJHECHH'}tE,D;(@ .:{'DJ E.i] . .F:‘.HJCJL’I‘I

(a) How many grams of carbon dioxide gas is produced when 20.5 grams of ethyl alcohol,
C,H.OH, burns with 100.0 grams of oxygen, O,?
(b) Identify the limiting reagent and how much of the other reactant is left over?
Step 5:
Step 5: Calculate the Recap from Step 4 - %‘ﬁf"m is the lmiting reagent
amount of reactant i

. 205 grams gt}\dl aleohol is O4449%F moles Gr c.ﬂ'\sl aleohol (step Ja)
that is left over. —mo% of oygen is 3LSS3 moles of oxygen (step ab)

2moles CO, « 44.009 g
1 mole CZHSOH 1 mole CO2

0.444987 moles C,H;OH X

The. balanced chemical equation tells us that
- the ratio of O3 - CHe OH is 3: =39.2 grams CO, produced

Therefore.,
O4449%8 3 x 3 = L3349 moles aF Oxygen was used up
in erndure the ).

At the start of the reaction, we had 31251953 moles of oxygen (1000 q)
What remains must be

3151953 moles - 133490l moles = 139 moles
3 5r:?\|frcm'.’r Fl?m',:ﬂ'




Q: A student performs a titration to determine the concentration of
a LiOH solution. 20.00 mL of a 0.0820 M H,PO, solution was used
in the titration. The student observed that when 32.45 mL of the
base is added, the phenolpthalein colour indicator turned pale
pink. What is the concentration of the LiOH solution?

w Balanced chemical reaction:
I H,PO, (aq) + 3 LiOH (aq) — Li;PO,(aq) + 3 H,O (I)
| 3245mL Mole ratio of H,PO, : LiOH

? M LiOH 1: 3

dispensed =
0.001640: x

X =0.004920 moles LiOH

) ) 0.004920 moles
Concentration of LiIOH = 0032451 =0.152 M

20.00 mL of a 0.0820 M H3PO4) 0-%28826220.0?20:0'GS/L
= V. moles Hjy 4

Endpoint



Q: 25.00 mL of a 0.243 M acetic acid solution is combined with
12.75 mL of a 0.250 M KOH solution.
(a) What are the products of the reaction?

(b) How many moles of each product are formed?
(c) Is the final solution acidic or basic?
(d) What volume of which solution is needed to neutralize the

solution in (c)?

(a) This is a neutralization reaction. Products are KCH,COO (aq) + H,0 ()

CH,COOH (aq) + KOH (aq) = KCH,COO (aq) + H,0 ()

25.00 mL of
a 0.243 M H,PO,

V

0.02500 L x 0.243 moles/|_

= 0.00608 moles CH,COOH

This is the limiting reagent.

12.75 mL of
a0.250 M KOH

V

(b) 0.00319 moles
KCH,COO

(b) 0.00319 moles
H,O

0.01275 L x 0.250 mOIes/LJ

=0.00319 moles KOH

0

0.00608 — 0.00319 = 0.002888 moles CH;COOH left.

0.002888 moles KOH is needed to neutralize the acid.

(c) Since acetic acid is
in excess, the solution is acidic.

(d) 0.002888 mole -

L iemL

0.250 mole




Q: 25.00 mL of a 0.243 M sulfuric acid solution is combined with

12.75 mL of a 0.250 M KOH solution.

(a) What are the products of the reaction?
(b) How many moles of each product are formed?

(c) Is the final solution acidic or basic?

(d) What volume of which solution is needed to neutralize the

solution in (c)?

(a) This is a neutralization reaction. Products are K,SO, (aq) + H,O (l)

H,SO, (aq) + 2 KOH (aq) — K,SO, (aq) + 2 H,0O (l)

25.00 mL of 12.75 mL of

a 0.243 M H,S0, a 0.250 M KOH

v V

(b) 0.00158 moles || (b) 0.00319 moles
K,SO, H,O

0.02500 L x 0.243 moles/|_ 0.01275 L x 0.250 moles/L 4

= 0.00608 moles H,SO, = 0.00319 moles KOH

0

This is the limiting reagent.
(Note: only need 0.00158 moles H,SO, to use it up)

0.00608 — 0.00158 = 0.00450 moles H,SO, left.

(c) Since sulfuric acid is
in excess, the solution is acidic.

(d) 0.00900 mole- — = _36.0mL

0.250 mole

0.00450 x 2 = 0.00900 moles KOH is needed to neutralize the acid.



Try some practice problems in Maple TA.

Use Dimensional Analysis in ALL your
calculations!!



