4.1 Writing and Balancing Chemical Equations —
The Magic of Chemistry

Warm Up (p. 162)

Water may | be broken down |nto rts component eEements, oxygen and hydrogen, by the apphcatlon of electrlc
A current ThIS process 15 called electrolysns S e
N e : 1, Use your knowledge of chemlcai nomenclature to write an equatlon showmg
.' @ I T the process occuifring in the d:agram (Be sure to lndlcate hydrogen and
: T oxygen as d|atom|c molecules) ' S :

oxygen : 7/ ’l’LD —’;3 ZHZ ‘{“ QZ
hydrogen

[,

ZHzO W= 21 ujs + Oztcn

lonized "
. water . 27-_Count the total number of atoms of hydrogen and oxygen before and after
T -_-.-_'the change Make any necessary changes to ensure that these are equal

Ildéol.llllllllllll T T T

3, Make : any necessary changes to :ndrcate the states ofthe substances i your R
_equanon RER : :

- o _ _4',_ Include anythzng else you feel ls'necessa ry to help your eq.uatlon fu]ly
O descnbe what is happenmg dunng thlS process nh :

chkCheck (p. 163)

1. Llstthreepsecesofevrdenceofchemrcalchangemthedecomp051t|onofmercury(ll)ox1de S
Cotor Cnange (ved = SIwer) , evaluiien of gas (Oz pnd 4 sobtid paass.
Calioy + Habid) = CaloMhals)

2, Convert the following frorm a word equation to a formula equatzon
B Calcmm oxide powder is combiried with water to form calcrum hydrox;de solld

- Cal LS‘i E: n?,n u\ -: c.aw\n? ls)

3._.'Convert the followmg from a formuEa equatlon toa word equatlon '

Hcoraq)acor)JrHow ’ o
CEYONL Geid L\ttcmgosts ~tt) (u\btm g\‘w\\{\t
Gos ond woxty

Quick Check (p. 165)
Circle the letter of the properly balanced equatlons

(a) Na{s) + Chig) — NaCiz(s} (W\ LD?“V‘?-(‘_”F +ormM‘@ Crear hm! )
: .. 'QNoa(ﬂq) t KBY(GQ) —’ AQBF(S) + KNO (aCI) :
Q0N + Sicln SaO 6+ 4HClg) ( szl :j' cee ,ff' ¢i ah*‘)
"3H3{g) + 50 (g) - 3C02(g) + 4H om L
: lsOH{aq) + Fe(IO) (aq) — Fe(OH}B(s) 53 L|IO (aq)
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Practice Problems — Balancing Formula Equations (p. 168)

1.

Complete the following table to check the balancing of the sample equation above.

ctantside
© 20
" ¢
Cr A

Balance each of the following using the smallest possible whole number coefficients.
(a) ZAlis) + H,50,laq) —  ALL{SO,);laq) +3H,(g)
(b} Ma,Nois) +EH,00 -3 Mg(OH),{s) +ZNH,(g)

(€) INHy{g) +50,{g) — bH,00) +4.NO(g)

Practice Problems — Writing Balanced Formula Equations from Word Equations (p. 169)

Write balanced equations for each of the following, using the smaliest possible whole number coefficients,
Include appropriate phase indicators,

1. Solid iron and chlorine gas combine to form iron{i) chloride,
2Feisy + 3 Cagy = ATeUs (o)

2. Aqueous solutions of ammaonium phosphide and tead(l) bromate react to give a precipitate of lead(ll)
phosphide and aqueous ammonium bromate,

2 (Ww)s § (ag) + B Phldr0s)a = Ppa P2 (5 F b WHYR3 Loq)

3. Calcium metal reacts in an aqueous solution of nickel(lll} suiphate to form calcium sulfate solution and nickel
metal.

3 cacsy + NizUS0)3 ) —> 3 CaSOy (09) + 2N 5)
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4.1 Activity: Building a Balanced Equation (p. 170)

Question
How can you represent the chemical reaction between nitrogen dioxide gas and water to form nitric acid and
nitrogen monoxide?

Materials
You may use any of the following materials:
a series of coins of different sizes representing nitrogen, oxygen, and hydrogen atoms
« modeliing clay in different colours and sizes representing the reguired atoms
+ g chemical model kit
+  aseries of drawings using different colours and sizes of images to represent the required atoms

Procedure

1. Use the materials you've selected to build a model of the balanced equation that represents the reaction in the
question.

2. Compare your model with models done by ane or more of your classmates,

Resuits and Discussion
1. Sketch your model in the space provided:

N~ O=N
0~ =0 H N D N= U
o-N=0 & Mgt =D 04

N\ O:N/’
0 =0 N D

2. Make a table to check the balancing in your model equatiom:

2002 (oy -+ H20 1) —> 2HN3 cog) 4 N0 (g)

3. How many chemical bonds were broken during your reaction? Describe each of these bonds,
2 0-N <inge bands broven
7 H-0 singW bonds M
2 W=0 douvle bopds W

4, How many chemical bonds were formed during your reaction? Describe each.

2N =0 Yonds, & N-0 Yopds, | N=O bond 2 O-H bonds = 4 bonds "F?“W“)
£ Lavheom ¢

¢ bonds broXen, endodhecm XS

5. Were more bonds formed oy broken? What might this mean for your reaction?

more Yends Formed, €xethermic  van .

(Ngbes ChcOizs widy $ingie bonds euerywarc i
Cortginl)  OUEPOVIE 0% His poind)
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4.1 Review Questions (p.171)

1. State two examples of chemical change from everyday life. What evidence indicates that these are chemicat
changes?
E:_cat“ E\(_t;_\/\’\")l—&, . i-aLAS"l"tmﬁ

@LAY‘V\.;LP\()

I =) ict.a.r‘ C-L\‘-’n—\"“\"jd.-

bdvod — Q}i&"‘i"to\@. Fa O (i’\e._:::_"{"" Tﬂ-i‘L‘?*SQCI)

2. What chemical law requires us to balance chemical equations?
Lo o {: Conservadisnm o L Maess
Who was responsible for formulating this law?
Antoine Lavorsievr

3. Write a word equation for each formula equation below:
g SOWs Cocoon Combats wiwh oG fos

Yo %o (peen  duakidt Gos
{b) CH,{g) + 2 0,{g) = CO,(g) + 2 H,0(g)

WG QoS VO™ g gl Gos Yo Peduik
Udon drodt §os Gt RO (OQ0y
O o . posond gerpssu edile
: TEERT Y1 LR )5S Al
Uriarint Qus (LS 1 g Oeci A SeNd-

Yo Lom Sobid todint  0nd Qovossuk
(d) HCl{ag) + NaOH(s) — NaCliag) + H,0()

hydvo Untoric qeyd nowkrafzes  sotid Sodiv Ay droaide

Yo form oA (wrlde sowuion  GRd Wk
{e) KF{s) — Kis} + F.{g)
SN Potessium  FecdC ALiooqoses Yo Kory SoVid PO
4. Balance each of the following equations. (State indicators are not reguired.)
(a)  CdF,+7NaBr— CdBr,-+7 NaF

) ACr+3F, »2CF,

{© Ca +72H,0 =+ CalOH), + H,

(d) 7 Bi(NO),+3Na,S— Bi,S, +[, NaNO,
{e) C,H,0H+ 730, +2C0,+3 H,O

0 jyV+55 HBVS,

@ 7Ny +HOL —»bLio+ N,

() Cay(PO,), ¥} H,50,¥4CaS0, +7H,PO,
() 2 PH, +40, > PO, +3HO

() %Ba+ZAg,PO, @ Ba(PO,),+bAg
(k  CalClOy, = CaCl, +3 O,

(I CuH,,0,, +]70,—17C0O, +}{H,0
(m)  Ca,C +4H,0 —+7CalOH}, + CH,
(
(

(8) Cs) + O,[g) - COy

um end Puerie gag

) 7 NHBr+ BaO—/NH,+ BaBr,+ H,0
0) '} LiAH, +48F, 23 LiF 43 AIF, +7B,H,
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5. Write a balanced formula eguation for each of the following (phase indicators shouid be included if possible):

{a) Titanium metal reacts with setenium to produce crystals of titanium{llf) selenide.
2T + 3 Seco = TinSes ()

(b} Phosphoric acid is neutralized with barium hydroxide to produce a precipitate of barium phosphate in water,
2 H@'S\)OLf () 28alow)z & — Bas 002 (5 + bHzD (1)

(¢} Nitrogen gas reacts with lead(ll) oxide powder to yield lead(#) nitride and oxygen gas.

2Nz 19 + 690 ) =y 2P, Nz + 30209)

(d) Xenon hexafluoride crystals react with water to produce xenon trioxide powder and hydroflucric acid.
YeFuts) + 30 U) — XeOz1g + 6HF

(e} Aluminum carbide is reacted with water in the synthesis of methane gas. Aluminum hydroxide precipitate is
also formed.

N4 C3 iy + W20 (1) = 3 WMatg) + 4 B(0H)3 (3
{f) Plants produce the simple sugar C,H,,0, and oxygen gas from carbon dioxide and water during photosynthesis.
602 (g + bW20() — Connle () + L02¢9)

(g) Ammonia gas (NH,) is formed along with a precipitate of magnesium hydroxide from the reaction of
magnesium nitride powder with water,

MgaNz (5) + b0 () — 28H3 () + 3MgloH) 2z ©5)

{h) Strong heating of copper(ll} nitrate trihydrate produces copper(d) oxide, nitrogen dioxide, oxygen gas, and
water.

Z C\A\NQ'}YZ 31,0 ) 2 WO + 48029y + Daig) b¥z0(L)

Balancing Bonkers: Some equations are extremely difficult to balance even with the application of the balancing
hints! Later on in your chemistry career, you will learn to balance some equations using the concepts of oxidation
and reduction. This will be a major stress reducer when it comes to balancing. In the meantime, try to balance a
few of these exhauster equations:

{@3Ag +4HNO;— NO + 3AgNO, +2HO

B)ZAl +2NaOH + LH,0 — 2NaAKOH), +3 H,

(OIOHNO, +47n = £ZniNO), +73 H0 <+ NHNO,

(d) bHO i4As +3 HCIO, — 4 HAsO, + 3 HCIO

(@7 HS0, + H0, +7 KMnO, —7MnsO, +3 0, +4HO + KSO,

Hint: You may want to come back to these once you've finished section 4.3.
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4.2 CIasVSifying Chemical Changes and Pred"'i'cting Products

-

Warm Up (p 173)

: _‘Reactlon Type

Reactants

o Prod uc

Synthesis (combmatlon)

two substances :

one substance B

-Decompaosition

ohe substance

two substances -

Single replacement k

element+ compound

new element + compound. :

Doubkle replacement

two compounds

two new compounds

Neutralization

acid + base

salt + water

Combustion

organic compound + oxygen -

carbon di'oxide + water

Balance the foiiowmg equations. Then use the table above to classify each as one of the major reaction types

: llsted _
Z Na(s) +'ZH O(l) HZ_NaOH aq) + HI(g) ;-
L0 + H,00 —7LOH@a) |
Z Cohtogl +§0,(9) =100, lg) +aH,000)
1 9HCag) + SAOH),{aq) =¥ SCly{aq) +4H ou)

2A§Br (s) ZAI(S} +}Br

Qu:ck Check (p.176)

Balance each of the foiiowmg reactlons and classsfy them as syntheSIS, decomposmon or com bust:on

Lomhm(\hoa \S\lv\‘l'l/\zs-s)

1. P,04(g) +75H,00) -+ H,PO,(aq). _
2. CHg) +20,0) 5 (O, #Q'Hp(g)

3. H,CO,(aq) — H,00 + CO,g) (bat)

i){ wm\ms WIONW -

l O‘i\\l)n\S’r\Ol\

Do Lom pos 10N

SmCl\e Rav\@@e wery §
LO\\'\\f) ‘n(,\\w}\{\ (SlerLu_g‘ s)
L(}mbu\sl\%f\ O -

\\\l\}\\“\"b\ltb\’f\ﬂ!\ :

3.

4,

- A0 AT ¢ 30,

Practice Probiems — Predicting Products of Reactions

2. JCHOHN + QoyMe — [ (02 ¥ Huz0

Ag,06) + H,0 = 7 NgOW

(p. 178)

Class:

Class;
Class:

Class:

First classify the equations, then determine the products and write a balanced formula equation for each of the
following

De L¥NPos Wwien

LOMbws L 00

Lombinorion (syn)

DeLOMQE SN

b0+ Py 20 (bet).

- Quick Check (p. 179)

> Use the series of chemscal reactlvr{y in Table 4 2.2 1o determ:ne whethe¥ each of the followmg s:ngle S "
: replacement reactions would proceed., Predict the products forthose that do proceed and balance the

4. Cafs) +‘2_HOH o -

equations.

13N+ ACE) > BNQL v B
‘?(\ Culs) + KBr{ag) — N0 .

3. R+ 7 7 \F 4 1o

Gl + W
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Practice Problems — Predicting Products of Replacement Reactions (p. 182)

First classify the equations, then determine the products and write a balanced formula equation for each of the
following:

12 HClag) + Fe(OH),(5) = T tl> ¥ ¥ 0 Class: WAHGWZAY 00

2. Znis) +2 AgClO,lag) — i pf@ 4+ 7o (L\Ofﬁ)l Class: SO\M\Q Rg p\(;&&\"ﬂ@lﬂ'
3. (NH,),5aq) +7CsOH(ag) » (ga S -+ 2Nz + AT Class_Douhe ReP L Linent

4, 8C12{g) +8L§ZS(aq) — \‘0 L'\C\ " S 9 Class: S;Mj(,b. {?._L(){GLCLM(:“‘\{

4.2 Activity: ldentifying an Unknown Substance (p. 182-183)

Results and Discussion
1. Use the table below to record all information and answer the guestions below,

 Unknown alncdruation Explaration
K Cllow e replece s .
, + allo ‘ . : : i
C* gl QZ ('A-‘z')m) QNABV(&&‘) =2 N e Z)) L roviait ’\OF\».‘!“ (gr‘;‘:;_:;& e
4 Brz_(wi\; iocifv\e, efoe,s NoT. Q‘LLVM?-.V\'("-Q‘_
2) A (—{Nog : + M, CO —% |bubbles judicate Frare)
M COS “ap) . 7 $es) (_;_qur;:_:mic coid - srmead
9 ™~ ) (I\(Og) Cong) + HLO(“ + LOZCﬂ) aund deceo g oSecl 3 C'O'duj
: 3 s (1\103')2' LY 2 Nal oy ~ PEIZ FMQ.‘P:-Faj\Ti,S. (A“ fA.
| P(o CNO) iy 6 The @H‘“’-’\ va.s- Le Cbﬂ'i’mfm-"\ﬂ
2 Pb :EZ-LS) + 2 Na (\\03(&‘1‘) iodide (Nal) s soluble. c,wPésam)
' 4} Ci A){L r‘a.)(ca e s Znétinm
— c ZAJ{(S:, + B_ZV\ !2.(12,2-,) —— & o JUKC;‘S_’ H—uu:'” (S&L 4
Lo T — iC{ ‘ (_ { ) 2 a_c4_'\,.-_.]
32"‘(5) + 2A 2cagy |M° replece C ot Cecies)
5)

2, Write a balanced chemical equation, including phase indicators for each of the confirming tests performed.

Ser. Abeve

3. Explain why you decided on the unknown in each equation.

S ee Aleve

4. Design a test to distinguish between a fifth pair of unknown substances. Give the substances, the test and the
expected observations in the provided spaces in the table above, Complete row #5 for your identified substance

in the second table above, M o wy P esible .
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4.2 Review Questions (p. 184)

Q z’im«ff";‘"’* 1. Balance each of the following reactions:
féﬁ’ ) CdFz+ZNaBr - CdBr;,: L NaF
SR
5 c);mCr +3F2 > LCrF;
> d)7Fe(OH)s > Fe:03 +3Hz0
SR eija +Z.;H20 <> Ca(OH)z + H2
DR )ZBi(NOs)s #NazS > BizSygbNaNOs
C g CasHsz +9p02 %TCOz +2_y;;0
SR h)2Al +3Hz504 > Al(SO4)s 3 Hy
D i)ﬂiczog >2ZLicl +30; -
g j):z”K + Clz >2Ka
I{E’Au +3 HzS 2 AuzSs +3 Hz
S l)ﬂéNb +5 Ss > Nb2Ss -
m) BgOw +b 120 >4 H:po,
D n)JHCIO > CLO + Hz0
N ) H:POs +3KOH > KiPOs +3 H;0

#.‘f
o

SR PR + Sca(Cr0ss >3 RbaCros +25c
A P QLV(0)s > V205 +5H:0
{:’}» j P r)1BasP: >bBa+ Py P
- PR s) KeCaOa+ Ca(NOs)2 > CaC2043 KNO
DR 1) BaCOs §HCI> BaCly + COz + Hz0

2. a) Classify each of the reactions in
question 1 as synthesis, decomposition,
combustion, single replacement, double
replacement or neutralization.

b} Which of the single replacement
reactions would not proceed

spontaneously? L e

S

¢) Which of the double replacement
reactions involve precipitate formation?

(h, © 8

b) NaxSOs +2Cu > CquO4+2Na (Noy”

d} Indicate the precipitates with a (s).

3. Classify each of the following reactions,
_using the following key: S = Synthesis, D =

Decompo- sition, C = Combustion, SR = Single

Replace- ment, DR = Double Replacement, N =

Neutral- ization. Complete the equations and

balance them. Indicate any precipitates that

form with a (s].

v

SRa)Z.Rb + 7nF, > 2 RbF + Zin
S 1) Sci05 +3H0 > 2 Seloty

PRc) Pb(NOs)z +2NaCl > phel, + 2 NaNog
D a) Hc0s > H O+ CO,  bak

5 e) GeOy +2_soz > Ge,(SOB)?_

DR B f) SrCOs + H.S > Sv+Sg)+ H C+ LC—?
C g)ZCzHa :‘}02 > 4;02. e H,0 s
SRhD_Cs + NiCl; > 2 Cs QL+ N<

_Df_l) 2(0W)s >  Z+O,
572]']’381‘2 +2 Inls = 2 T B ry + 3 ,1.. - |
N N k]2 HsPO4 +3Ba(0H); > Ba. (Poq) ;@_H?_@
DLI)ZAgN% + Ca(CH3C00); 92 APCI«\3CO
C m) CsHsOH +H0, > 3 €0, + 3H, o
S n) NuOs + H0 > LHNOs '

DR o) AICls +3 NazCOs > Al,(cos)y 86 Nalk
DB.D)W];]HﬁiF + LoHS> WLF « HoH NHB bk
N g2HNOs + Sr(OH), > Svr(Noy), +2H @
SRngF: +8Kss > 16 KF + Sy
Ds) MgoH):: > ™Mq0O + H,©
S t]éﬂa + N2 = 2;[\]@3\\3

o
o

o bol -

bk

il

-y

~ 4, Classify each of the following chemical
changes using the key from question 3. Write
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: LCr0, * 2 KNG
k?_CTO.hh + 2 A?’ N03 (ma‘)—? Ag"“’ FO({'CSJ - 3(-&\7;'}
balanced formula equations for each, inciudingﬁ) Potassium chromate solution indicates the

phase subscripts. ' endpoint in a potato chip analysis with a
standard silver nitrate solution.

5@) A piece of magnesium ribbon on a stock
shelf reacts with nitrogen gas in the air to form C j) Methanol (CH3OH) is combusted in race

? a black coating overtime. car engines. 9 q H
| ‘ 2 CHoH  +3 0, 7 £C0, r 2Py
& — N 273w = ey~ S J
EN N (g) Mgy 246y
N I¥ b) Phosphoric acid solution removes PR k) Baking soda (sodium hydrogen %%

iron(1l) hydroxide stains from an old bath tub. carbonate) Wls used to neutralize a spill of
. | . — Po. . hydrochioric acid.
H(3 PQ%‘W l—e_.(ems () Fe 4 (5) +IH,0 ”

- Neld
NaHcos + HQ,,,~— H, O o COp j+ Neld
C ¢) Butane gas is combusted in a disposable () v % Uﬁ}
hghter DR 1) A bright yellow pigment once used in
| lG paints is formed from the reaction of lead(l1I)
2; (: H ‘ O - 8 C 01( 9 HZ— (g) nitrate and sodium iodide solutions. Why is

- )
io {43 4 this paint no longer used?

$R_d) A zinc strip placed in a solution of copper b (N + T = PpT
Og) 2 Ne 2
(I1) sulphate becomes coated with brownish Pb( 3 g g (‘”

solid. ] . \ Z NaNG e
T, 4+ L S04 (ag) = L S04 g +Cuyy ém] Iron(1ll) oxide and water combine to
' (%? '

L ol form a basic compound often called rust.
S 2 _e) Sulphur dioxide emitted from industrial I_Q-pg $) "':é HLO i)_i%;i:“’?v(@ HBB
. plants combines with water vapour to form acid )
rain. SR n) Dark silver sulphide tarnish may
. _ — H.SO., removed from knives and forks by placing
S O‘L () + 0 ) —; 3 Lag) them in contact with a piece of aluminum foil
law( ina dﬂute ionic solution.

PR 5_f) Calcium carbonate in marble structures 1.? A‘i > s 4_‘2 A:L —*P Alz 53 (sy + é Aﬁ (s)

eroded over time by nitric acid in acid rain.

C&CO"» .t ’2- H‘N03 . — C&(NQ?“)’L (o ?_ Hlo(s.) D_Eo) A precipitate of barium oxalate forms
& v & + COHS‘) in a solution of sodium nitrate following the

A SR _g) Nickel hydroxide reacts with a cadmium”™ combination of two solutions.
anode in a prototype rechargeable battery.

i ) 2. (’a..ob) 3 2_;_4«63
2 N (OH)“ 5t 3 Cd i, 73 Cdon), +2 Ny 2 NaNGy oy + BaC, e cs)

SEp) A prec1p1tate of barium sulphate and

PR ~ _h) Solutions of gold(HI) nitrate and sodium  hydrogen gas are formed from the

carbonate are combined. combination of a metal and an acid.

;ZAgCN%)g(&%ﬁélewgu;; A, o), Bou,, v HaS0 sy
-+ [9 NeNO 3@‘&? @mS‘@q‘_(S) t HZ(@')
bak



4.3 Another Way to Classify — ldentifying Electron Transfer
(Extension)

Warm Up (p. 187) Quick Check (p. 187)

Complete and balance the following equations.
1.7¢s0HE) > (520 + HL\) . 1. Decomposition
@ ZA'(S) +‘5F2(g) - "Zf F’% PR 2. Syntheeis (_combination)
3. HyCOy(aq) *iKOH (aq) = V?Lbj + / H‘f  :-': fl glier)lléjtlfurléz}[:crement
'OZK(5>+ SHOH e = ?K“DH S et o

-‘.-'Clrcle the numbers of the equatlons that znvoive a change in the oxudatlon number (charge} of one or more
j‘_ g atoms during the reactmn : : ; :

Practice Problems — Assigning Oxidation States (p. 190)

Assign the oxidation state of each atom in the following species:

1L HO 4 —2 6.NH, —5 )

210, 4y ] 7.0F, T2 -1

3 AGMRO, 4\ AF —% 8.CalNO), ~+2 +5 ¢

4 KLR0, 4y A — 2 9. ClO; _-t-f, «—7

5. A, vy ) 10.N,HHCO, =7 )t -
(p. 190) Quick Check e Lotk

1. Write a balanced equation for the comblnatlon of magnesmm metal with' oxygen gas to 5ynthe5|ze a metai

'.oxlde EIEIERN o LR SR O e

: 2 Mq + 07, -5 2 \"\g O
2 Indlcate the oxrdatlon state of each element overtop of its sym bol :
34 Use arrows to |nd|cate the dlrectlon of electron transfer between the reactants

chkCheck (p 191)

1. (a) How many electrons dld each magnes;um atom Eose in the pre\nous QUICk Check7 A
{b) How many electrons did each oxygen atom gain? 2
{c} Which species was oxidized? M(ﬁ
Which was reduced? Oé .
2. {a)InFigure 43,1, how many electrons dld each manganese{lV) jon gam? 2
(b) How many electrons did each chloride fon lose?

D|dallthechlorldeionsloseelectrons?_ﬁﬂ_ (Q {.1—(~,_ C,L ‘0,,\5 o ;fed‘e:'twrS)
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1. Decomposition
2. Synthesis (combination)
3. Neutralization
4. Single replacement


Practice Problems — Recognizing Oxidizing and Reducing Agents (p. 193)

Determine the oxidizing and reducing agent in each of the following reactions, Begin by clearly indicating the

oxi%ation staggs of aj!_ﬂements in each equation. DA. * AL
1. Sifs) -+ 2H,(g) = Sit,(g) 3] Hz
o 43| o 4zl
EL -

2. 3Cals) + 2 AlBryag) — 2 Alls) + 3 CaBryfag) Be Con
20 4S-2 j42 O _

3. 5CO(g) + LO,(s) — 5CO,g) + 1) 1,05 Co
=3+ o o

4. 2NH(g) - Ny(g) + 3 Hylg) N2 WH7

[ TR S R RS W S O
5. Mgls) + 2H,0() — Mg(OH),(s) + H,lg) H20 Mf}

© Edvantage Interactive 2011 ISBN 978-0-9864778-2-9 Chapter 4 Expressing and Measuring Chemical Change 193
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4.3 Activity: Building a Table of Reduction Strengths (p. 194)

Question
Can you build a table of reduction strengths?

Background
It is possible to separate out the reduction and oxidation portions of a redox reaction and to represent them as half
reactions. For example, the sample reaction from the previous page: Zn(s) + 2 HCl(aq) —* ZnCilag) + H,lg) may
be broken into the following half reactions: Zn — Zn®* + 2e” (oxidation) and 2H' + 2e” — H, (reduction), Notice
that the chloride ion is not included in either reaction, as its oxidation state does not change.

An attempt to replace zinc with hydrogen in the following single replacement reaction:
H,{g) + ZnCl{ag} — 2HCHKag) + Zn(s) is unsuccessful because H, gas is too weak as a reducing agent to be
oxidized to H*, Similarly Zn?* is too weak as an oxidizing agent to be reduced to Zn. Comparing these two
competing reactions shows us that H* fon is a stronger oxidizing agent thar Zn?*. Consider the following data:

Discussion section below for more ideas,

Results and Discussion

194 Chapter 4 Expressing and Measuring Chemical Change

2. Compare your completed table with those of other groups.

1. A piece of zinc metal is placed in a solution of CuCl,. Brown coating resuits on the zinc.

2. A piece of copper metal is placed in a ZnCl, solution. No reaction occurs.

3, Hydrogen gas is bubbled through a solution of CuCi.. Bits of brown metal form in an acid.

4. Copper metal is placed in a solution of HCL No reaction occurs.

5. Manganese metal is placed in a solution of ZnCl, Black solid forms in pink Mn?*(ag).

6. Manganese metal is placed in a solution of CaCl,, No reaction occurs,

7. Calcium metalis placed in a solution of KCI. No reaction occurs.
8 A ¢ ol of zinc is placed in H e, I Bubbles form as zing 5;5;-“,.{@{? cates
Procedure

1. Work with a partner or by yourself to design a table of reduction half reactions. Your table should be organized
with the strongest oxidizing agent (the species most likely to be reduced) at the top. See the Results and

1. Write a balanced equation for each attempted reaction (successful and un5uccessful) in the(data table above. ) ?

/ ZM(S) + C_\A(—i’l (.c-,.-‘-:;) — C'M (5) + ZV‘\ ?—(_O._E}

)g,/ iFlL('.’:‘)) + C.L&C‘_(z (_‘;ui)“. — C:—La\(_s) + 2 i‘i u Lm"i)‘) '

4/ Cucey =+ 2HU gy - Hzaf, L GV G Py Cag) NIR
/‘5// MV\ €5y 4 'ZV\UZ Cﬁh%‘y —— ZM £5) + Mr\c‘?_ ((—\.?})

/(j/ M st CaCH, Cogy —> Coocey ¥ M Ci, Cong) MR
':}/ C&_ [53 "l" 2.i<(»/( (&1‘} S ZKCS} + (:.ﬂ._ CEZ_ Cﬁip Ni&
;3/- "Zm (53 LA HA Lo — HZ, <4 ol CI‘L Cog,)
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2. Write a half reaction for the reduction process that would occur in each equation,

4 Cu\Zf + 227 — Cw  (reacts with 79\>

T Tatt b e = 7 NIR ittt Cuw

S en

2 G+ e ) (reects wiks H, )
4 2ZHY + 20 5 H, ~IR with C o
'5, T e L oy 7., (reacks with Ma)
o Cat v L Ca mlr s My,
J}/ Kt + & 1< NifL it Cac

\iQ

2 H+ + ze-y ey "{2 (Y&L“—‘"—“g's L-’tf’L\ -Zp:g‘>

3, Use the result of each attempted reaction to help list the reductions from the most likely to the least likely to
occur. 7 Cu‘z“—q‘- Co.— —» Cuwn

Sof 2HY v - — W,
It + 2T — 7.,
IVIV\Z-F + e — Mwn
Ca?t + 2o~ — (Ca

KY + e” — K
4, Label the species at the top of your list as the “strongest oxidizing agent”

5. What role do metals always play in these reactions {oxidizing or reducing agent}?
6. Where would the strongest reducing agent be located?

Bottor - Kiglt

4.3 Review Questions (p. 196)

1. Give the oxidation state for the underlined element in each of the following
species:

a) CaBr, b) OF, c¢) CeHpOs d) K ) $0:° ) Ball, g) ClO" h) S

2. Complete and balance each of the following reactions. (States are not required.)
Indicate which involve electro&vt}ansfer.
VET = a))Ca+ 0, > 2Ca®

b Ca0 + 0 > ConloH), ™ ek =
0 Ca 2o > Cotoh, * Ha
8 CaOH), +2HCL > Colly + 2V O 7

3. a) What is an oxidizing agent? 9‘}Q£;&$ ot 5@,'-\‘5: V“E.AM»L_\LA . (0 M_‘ ‘L) -
(Q&_L,\,S@__S cune Hhaa species "!’\‘3 EQ;\OK' ‘3t‘
b) What is areducing agent? < pecies dedaa 3@;3-5‘ oxidized, (o.M ) I
Cc_cx_m.je_j Sovmetrbon 4o L,L r e_.;lvxu_a_),
¢) How would you expect electronegativity to be related to the strength of each?

fEN — Stronger 0:A /WUeaker RA,

v ET

4. For each of the following reactions, indicate the species being oxidized and
reduced and show the oxidation states above their symbols.
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+5 -2 -1 @) chioj }‘ < ()yﬁ\‘ 312,"(:‘ oﬁmJ ﬂ;:luc.,ea,_c],_

a) 2KClOs(s) = 2KCl(s) + 3 O2xg)

O 4 +2. @:‘3% ;S OX!L 53 ?»»Cl
b) Mg(s) + 2 ANOx(ag) > MeNOiag) + 2Ag(s) g)is red W,A
¢) Pys) + 50xe) > 2P0s(8) /5 is M;,M,u; v 4
-3 5 -
2 T NH NO NS oxidi 3’~":l v
d) NHILNOs(s) > NoO(g) + 2 H0() 2) { } v
o “““““”(ﬁﬁq_uog 4iS redunesa
5. In which chemical family would you expect to find e
a) the most readily oxidized elements‘? Explaln S
Aty o ole A T pse e eosify (bwen)

G
b) the most readily reduced elements? Explam
Helegems (TILA) o IF — gaine ™ eosily, (lushen)

6. Determine the oxidizing and reducing agent in each of the following reactions.
Then indicate the number of electrons transferred by one atom of the reducing

agent.
a. 2Pb(s) + Oxg) > 2 PbO(s) 0A:0z RA: FbNoe: 2&7
b. Pb(s) + 2Br() > PbBry(s) OA: Br RA: Pb Noe: 46

c. 2Alls) + 6 HCl(ag) > 2 AlCk(ag) + 3 Ha(g) OA: i-l“RA M Noe - 3e
d. ucmg(g) + 50,(2) > 3COxAg) + 4 H,0(g) OA: 0, ) RAC ntla_Noe 62/3 e

. 7. Predict the products and write balanced equations for each of the followmg reactions.
' Include phase subscripts. Classify each equation according to the system learned in
W’ " section 6.2. Then classify each again as redox or not.
Not — @) Sulphur dioxide gas reacts with solid calcium oxide. %j

5302‘ (9) + C’(A"Q(S) ey Co. S 3 () IQQJL

D / fodex —2 b) Solid potassium nitrate is heated to form solid potassium nitrite and a gas.

ARNOg (o, = AKNO, 5, + Oy,

N / Not — ¢) Strontium hydroxide solution reacts with nitric acid.

gr(m)z_c + 2HNG, E)——* Sv(NOy) ;Z 21,0,
D / Not — d) Aluminum hydroxide solid is decomposed.

+ 3H,0
2 M, ,, —  ALO; + 2O,
SR/ (dox? e) Chiorine gas is bubbled through a solution of cesium iodide.

C’/Q’l”(‘:)) -‘i"?\C,b w(&r&) *—"?ZmCSC((&K) + IZ—CS‘)




S / Na¥ ~3 f) Tetraphosphorus decaoxide solid is reacted with water,

Pq_ (7 HL (L) — 4’H P

< / {e. dwe—> g) Aluminum metal reacts with liquid bromine.

2 Ai( s F 3 Br A/Ugr £s)

z (L)
Sk / {Cede — h) Zinc metal is placed in a solution of nickel(IIT) choride.

4. La@

;ZMCD 2‘ N uz (eq Z (e

¢ # Givean oxidation and a reduction half reaction for each of the following redox
reactions:

a) Sn(s) + 2 AgNOs(agq) > Sn(Nog)z(aq) + 2 Ag(s)
oX; Sn —  SiE o+ 2w
fod? AS‘E‘_ + - - Ag

'b) Fa(g) + 2NaCl(s) > 2NaF(s) + Cl(g)

Ox S 2ULT 5 Cl, + T

F, + 2~ — ZF7

-—)B‘ZV\CQ +2 N¢

(s)



4.4 Energy Changes Associated with Chemical Change —
Endothermicity and Exothermicity

Warm Up . 198)

Com;:ﬂete the foilowmg table by piacmg a checkmark in the approprlate energy—change column for each of the
cIa55|f“ cations of chémical change listed. : .

Most Synthesis (Combination) Reactions

v
- Most Decomposatlon Reactions . - Ve

BH Neutrahzanon Reactsons

| Combustion Reactions - -V

Quick Check (p. 199)

Examine each of the equations listed on the previous page. Consider the'sign of the AH value and determine
whether the reactants or products have more stored energy in each case, Put a checkmark under the Side with
more enthalpy.

ssolvil g potassmm hydromde v’

Combustlon of propane v
| Meltingice™ O v

' Replacement of iron by aiumanum - v

Formation of calcium hydroxide v

Quu:k Check (p 201)

Complete the right column in the followlng table by Iabeilmg each ofthe introductory reactlons in thls sectlon as
endothermic or exothermic.

Dlssolvmg potassnum hydroxnde _ Q){Q{'W“ﬂk}, |
'Combust_lo.n:ofpropane L X0 he e
| Melingice 2ndo-rhermic.
- | Replacement of-iron by aluminum =~ OXOAherime

| Formation of calcium hydroxide

EXOThErIe
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Practice Problems — Representing Exothermic and Endothermic Changes (p. 203)

Given the following AH values, write a balanced thermochemical equation and an equation using AH notation with
the smallest possible whole number coefficients for each of the following cherical changes:

1. MHgpon Of GHe() =-1428.5 mol A Cataegp 7] Daigy 6z Opgy + A0 + 2957 2
;}Cz e ’*"702@) “"3? QHZO(&} M LlCO«‘NED AH ‘;Zg 57?01

2. BHyamposion O NF(G) = 461 KMot INHesp + 2. 001 —> Ny cop ?:chifa& T,
QNH’:‘EC}) - N Cf}) + gH;‘LS‘) AH O\& Q\mgl

3. AH[ormatiDnOfHBr(g):“36§ kJ/mOI \" ) * %raf—ﬁj - QUHBY‘UQ‘) "“'7::1 a“MO\

\‘\ugp A %r&(@)—“} ags! @\«@ AH=-72.2 %\

4.4 Activity: De'signi'ng a Household Product (p. 204)

The formation of iron(il) oxide, from iron powder and oxygen gas from the air is very exotherm;c and produces
826 kJ/mol of iron{lil) oxide ore.

The dissolving of ammonium nitrate in water produces a solution of separated ammoniurn and nitrate ions,
This physical change can be shown as

NH,NO,{s} — NH,*lag) + NOjlaq) AH=257 kJ/mol

Procedure
1. Use the theoretical information provided above to design two useful products for treating athletic injuries,
Present your designs in each of the following formats:
Describe each design in point form.
Provide a labeled diagram of each design,
2, Compare your designs with those of a classmate. Use your comparison to improve your designs.

Results and Discussion
1. Write a balanced thermochemical equation using the smallest possible whole number coefficients to describe
the chemical change used in each of your designs.

OHTe s * D00y = AFe, 0,6, T 1615 /Mol (Heat Paci< )

@ NHyNOs ¢y + 25,7 d/mol — NHU" gy * NO3 g (Cold Pac K)

) o . el 190 '_
] POL.LCL\ ‘?”Q.Clv-h{'l/\ C_ 4 ()( (p ) (S‘t' Q\_)U“ L UF'

7 ' — — H O ehes wsed ju
l O SLLOV\C\I 17 Le stie
sl ba Lom“\—f—xs\nn-\’)

SN NO Pe_[u"s.

H‘Ov\ ‘S— ] \I v‘\ﬁs‘
("‘in\{ FLV\\A‘K)S

allow ORYGLN =
CL)V\"—L-‘,lnlv'\.j S iif’\)
Sheky cover over
w‘)c’_vuvus Al !ﬂi-

]
e d off o lauwing
P?e,mc.»G—.ff\ “'o oc"r_.;)r

2. Which of the two reactions is useful for cooling a warm, inflamed injury?

®

3. Which of the two reactions involves more bond breaking than bond farming?

®

4, Assume 240 g of ammenium nitrate are disselved in the second design. How many ki of energy are absorbed
during this reaction?

]

Faﬂ&s |

Bacallinmg 1nne
Epu\_.\;b\ et F

\j,u_,ss\-\vr‘e, d\tiaw-’
Cuv\"’tv\'\'_ﬁ 4‘0 K

2409 NH NG5, Lot ROy, 3371 i% fa=-to3d 75 N N0
(.0, 0g NPy N ol MHL]LNDg, (55 ‘.. mol (&) 257
T 3505 s
- 7 = rmc:hon LG 26w . ~requion - mo
| | | -/ proceeding
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4.4 Review Questions (p. 205)

1.

Indicate whether each of the following changes is endothermic or exothermic:
{a) Barbecuing a steak

endothermic

(b} Freezing a tray full of water to make ice

QX ot rmaic

{¢) Neutralizing an acid spill with baking soda
TXOTRErIC

{d) Making a grilled cheese sandwich

gndothermic,
{e) Lighting a barbecue igniter

endothrermic

(f) Condensing water on a mirror

eXothermid

Convert the following AH notation equations into thermochemical equations using the smallest whole number
coefficients possible:
(@} Y2 GGHylg) — Y2 CH(D AH= -175 ki/mol

C%*\%Lg\ =2 (s, \%(@3*%50 0|
(b} Li{s} + % CaCl (aq) — LiClaq) + Y2 Cals) AH= -362 ki/mol

QL\ sy ¥ C«O\C/ 1(&@ 7 ;“_.\C/ (aq) + Cocey 731% "PD?
()2 B(s) + 3 H,0lg) = B,H(g) + 3/20,(g) AH=762 kl/mol

QB * {?J\”\a\(/n){gn |54 ‘;?\30\ % ABHy @ * %O& 9>

{d)%% P, + 30,0 — 2P0,0) AH =-613 k/moi

D"\ (§9] * 6(:/\ Z}\chh 3 iﬁ\ PQ/\ % (<) \8\&0) mt}i
(e} NH,{g) + 3/2N,0(g) = 2 N,(g) + 3/2H,0() AH=-505 k/mol
QN\*\?)U_JP ¥ :})N&p@p s Lﬂ\]g,(%, * ?)H&O(@ sO\O o !
(fyw Fe, 0,5 + Y2 CO{g) — 3/2FeOis) + ¥ CO,{g) AH =9 ki/mol

FeOnsy* LOe T IBE V”j “"% e Oy T COaegp

Convert the following thermochemical equatlons into AH notation using the smallest whole number coefficients
possxble
(@) Cs} + 2H,{g} + % O,lg) — CHOH() + 201 kl/mol

acm * g O g =2 AH50Nw ART -9, 4k

{b) V2 Culs} + ¥ H,l(g) + ‘/2 Ag) = V2 Cu(OH) {s) + 225 ki/mol

Cugsy + Hap * Oy = i lOMacs) AH=-450

{c) 389 IJ/mol + ¥ Sb,0,{s) + 3C{s) — 25bls) + 3 CO{g)

20406y + 6Ly > HSbesy ¥ 6C0gy AH= TR mf”

(d) 56 kl/mol + NO,{g} = NO{g) + % O.,(g)

QNOQA‘@) > &NO@} + O&((};a AH% H‘l mi)i

vJ
,,/
mo|
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(e) PCL{g) + 1% O, (g) — CI,POLg) + 286 kl/mol.

APy gy v Oac w“‘“‘"‘?"“ AP0 gy £ AH = 573 % mO\

(f)F (s} + 12 0,(g) — OF (g)+ 22 kJ/mol

AF .y * Oncgy ™7 A0F4 gy AW -4 & mol

4, Use the equations in question 3 to answer the following questions:
{a) How much energy would be released during the formation of 4 mol of methanol?

A0l W00 | mol en “iw}‘««g %OQ
| mpl XN

ol PR 3000 (:,\“\da,t% " [0l tvn
(b} How many moles of nitrogen dioxidé could be decomposed through the use of 168 ki of energy?

163 &T maton |, 2ol Woa.
V2T 1ol edn - % Ogmi} Nog

(c) Is more energy absorbed or released during the formation of CI,PO gas from PCl, and O, gas?

relensed (Fxo)

(d) What is the AH value for the decomposition of OF, gas into its elements?

AR decomposition of OFa = A4 ¥J /mol OF.

{e) How much energy is required to decompose 1 mol of copper(ll} hydroxide?

A50,L3 /00 Cu o a

5. Does the following potential energy diagram represent an endothermic or an exothermic reaction? What is AH for
this reaction?

A - Vﬂm}
i AR=150 ¢ o
ond otrhermic

Potential Energy {K3/mol)

Progress of the reaction

6. What is AH for this reaction?

g

?: 300} - lé—j
S T ]
Té 100 P Q/Kg%h&m éCf‘

Progress of the reaction
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4.5 Calculating with Chemical Change — Stoichiometry

Warm Up (p. 207) :

‘Write a balanced equation for the reactuon between chromrurn meta! and hydrochlorlc aad to form - -

chromlum(lii} chlortde and a reactlve gas

Qﬂﬁg *" 6HC (;0\%}“""% Q\C,T“C, gw\q/} + ’%\“\a eg) |

lf 2'mol of chrom:um metai comp[eteiy reacted inan excess quant|ty of hydrochlonc acid, how many moles

- ‘; ._ofhydrogen gas wou1d beﬂ::rmed.7 B el -Ff-mm de\Cﬁ‘ O\"\ {’J‘LbO\f@
=% mol ‘) L

Aol e Z Casvell

3." How many moles of hydrogen gas wouid form if 4 mol of chromlum metai were comp!etely reacted in excess

hydrochloric acid?

_ L%mg\@,\f [l ‘é@@i ‘}y — \ (C) mo H :
o lea C/\r“ N Al

DOUkb\ C%%“r \!nl\/{é}

Practice Problems — Moles of One,Specie—s &> Moles of Another Species (p. 208)

Calculate the moles of the reguested species given the following information. Be sure to begin with a balanced
chemical equation,

1. How'many moles of ammonia {NH;(g)) would be formed by the combination of 15.75 mol of nitrogen gas
{N,(g)) with a large excess of hydrogen gas (H,{gh)?

NgLﬂ) %H;’t\(g)”%’;)\Ng“ 3(?}; \575 MmOl Na. K%il)@li‘\““'ﬁ b L IDO Mol NH‘? !
ENTENES

2. How many moles of water must be decomposed to form 9.45 x 107> mot of O, (g)?

2R > Oacgy—> AHaOww 445 %0 50l 0, ¢ &moi%\aﬂ L%q

mo&

————

mol}@

3. How many moles of calcium metal would be required to replace 1.86 mo! of silver from a solution of silver
nitrate? [ —

26
CQ{53+&AQNO?>Q%€L7 Mﬁg\Ag “ t QK(N()E)%MQ \ % m’c}\il‘g X %mGiC(A mjom

e

dmol Ag
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Practice Problems — Mass of One Species <> Mass of Another Species (p. 210)

Show all work for each of the following questions. Begin with a balanced chemical equation if one is not
provided, Be sure to include the formulas as part of your units in each step. Give your final answer with the
correct number of significant figures.

1. The following reaction is exceptional in that a single reactant species is both oxidized and reduced.
2 KCIO,{s} —+ 2 KCl(s) + 3 O,lg)
What mass of oxygen gas would be formed by the decomposition of 45,65 g of KCIO,? (How should your
‘answer compare to the mass of reactant? Does your answer make sense?}

45059 L0z Lot Dmol0g  50.040a _ )7 q
92.69  Amol  Imol0s J

2. This unbalanced equation shows one possible set of products for the reaction of aluminum and nitric acid:
Alis) + HNO.aq) = AINO,)lag) + H,lg).
Use the balanced version of this equation to determine the mass of nitric acid required to form 170 kg of
hydrogen gas.

70kg, \L_motte. , Amo\HNDs |, 620910z 7 ; @ \\,oomfﬁ)

0.0020kg | moita %w{%{éﬁ?ﬁif\&@g =40

3. Hydrogen gas can be used as a reducing agent in the production of pure boren from boren trichleride. How
many moles of boron wouild form from the reduction of 500.0 g of boron trichioride with excess hydrogen
gas?

Equation: g\‘?)(:,gg * ?)H; > &% - ij"\(;\

500.0 ¢BU, , | mol , Aol L‘Q\T\‘\
W7.

Dg ol 6(;

4, Write a balanced chemical equation for the reaction between sodium metal and water,
How many moles of hydrogen gas would form if 2 mo! of sodium reacted with excess water? What volune
would this gas occupy at STP conditions?

AN+ JH20 > AN OH + H

Aol Na , Lol e %‘ -_ ) \ mole of a¢
Aeaol Mo Mol Ha mole© gA
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Qulck Check (p. 211)

Use the balanced equation in Flgure 4.5.3 to determine how many litres of carbon d;omde woulid form from the
combustion of 10 L of propane gas.

\OL CaMg x 2 e
L LGHe L

Practice Problems — Calculations Involving Gas Volume (p. 213)

Be sure to include the formulas as part of your units in each step. Give your final answer with the cosrect number
of significant figures,

1. The reaction, 250,(g) + O,{g) -+ 2504(g), occurs in the atmosphere when oxygen oxidizes the pollutant
factory exhaust, sulphur dioxide. What volume of oxygen is required to oxidize the 2.41 x 107 L of sulphur
dioxide released annually by a coal-based power plant at STP?

2.0 L 80, x L LO& z{\o:;\ L,QJ

LS80z
2. Consider the unbalanced equation: NaOH(ag) + (NH,),5O,laq) ~* Na SO lag) + H,O() + NH,lg). How

many litres of ammenia, measured at STF, are formed by comb;nmg a solutmn contamlng 405 g of
ammonium sulphate with a solution containing excess sodium hydroxide at STP?

AN Ol ‘LO\OL) T (NH. \)Q\SOL% “@q) ~3% Nave. 501 gy ¥ LRL0W + SNH% )

0.5 a (), 500 i mod . AmolNHz w2 S LNHs -
3 NVl oPi x5 10 HWO\{NHL%jai‘:Oq im0l NHs T 5.7 L

3. What mass of HCl must be contamed In a solution added to an excess of zinc arsemde to obtaln 17.5L of
arsine {AsH,) gas at STP?

Equation: (Oi“ ¢l o+ Z'ﬂ AS&W—-} %AsH?} o «3:,’2#(\(;\9\
\7.5 W \W\O\F}w\% . Giost Bt M@ggm%ﬁu —

LA B

2@.”@ LA&%{?} Dot hsts  TmolHel

Show all work for each of the following questions. Begin with a balanced chemical equation if one is not provided.

. QulckCheck (p. 214)

'l What is the concentratmn of a soiutlon made by d|ssolvmg 1 17 g of sodlum chlorlde IT'I water to make a totai
o '-""volume 0f1 5 L" gos SRE :

T f e,

2. Usé the molarity of the solution from question 1to determlne the mass of NaCE in 250 mL B

250wk , 07 13m0l , B85 N |
& I mL b L \W\ok @

3. What volume of a solution of this same molarity would contain 39.0 g of sodium chloride?



yvr
Text Box
(p. 211)

yvr
Text Box
(p. 213)

yvr
Text Box
(p. 214)


Practice Problems — Calculations Involving Solution Volumes (p. 215)

Show all work for each of the following questions. Begin with a balanced chemical equation if one is not provided.
Be sure to include the formulas as part of your units in each step. Give your final answer with the correct number of

significant figures.

1. The exothermic reaction 2 K{s) + 2H,0() = 2 KOH{aq) + H,(g) often releases enough heat to ignite the
hydrogen gas it produces, What mass of potassium metal would be required to produce 250 mL of a 0.45 mol/L
solution of potassium hydroxide?

250w, OUTmol kO | Gmote. 2919 K ={t4.4
!OO@ mik @‘«f‘&%@\%’iﬁﬁ I ol K. . 3

2. What volume of 0.80 mol/L sodium iodide solution would completely react with 2.4 x 10* molecules of
chlorine gas?

Equation: C\& + :,)\N(LI 8 &M{?LC/\ + I‘;L.

6_03:& \O*Fpnclee. i moill 0.90mol gl

3. How many litres of carbon dioxide gas would be formed at STP if 1.5 L of 1.75 M phosphoric acid were reacted
with excess potassium carbonate solution? Be cautious, as this question requires the use of both molar volume
and molarity as conversion factors,

Equation: ZZH%PO%% - %\4‘1(‘,03 % RK;}PO%—% 4 ?}Hmo W %CO%D\

L5000 T5mol BmolCoa  F3HLD,
bLo JwolWgPDy Lot CO,

98 1M molecutes Oy o Lmol s AmoiNeT, 1L = 447,
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4.5 Activity: Stoichiometric Relationships of Hydrochloric Acid  (p. 216)

Question
How can you measure the products of a reaction?

Background
Hydrochloric acid is the most commonly used acid in secondary school chemistry. it can be reacted with a variety
of substances in several different types of chemical reactions. The ;Jroducts ofsuch reacnons may be separated and

measured to study stoichiometric relationships in a variety of ways.

Precedure
1. Use the theoretical information provided in the "Background” above to dessgn two dlfferent experlments o
isolate and measure a product of twe different rea i;;ons each consuming 750 mL of 1.0 M HCl. You must use a _
single and a double replacement reaction, A Excess L i /’/C,é’ C.o//a(;'/' /'/ as . in 5TP
« Describe each design in point-form, condidibnus !:Y Wadte, es e -f—

+ Provide a fabeHed diagram of each design. (3 ) Excess pE(NO 2 T H L, Filder o
2. Compare your designs with those of a classmate “Use your comparison tu ni:prove your deSIgns er P CL, I?}} f.

Results and Discussion
1. Write a balanced chemical equation for each reaction you selected,

A Zin+ LHU oy = Zally oy F He o)

B) PID (NO )Z (C\.B) + Z!‘fa (“\) — P[) Cj ) - 2. {‘IINOJ-, (‘L'b.)

2. Calculate the quantity of product you would expect to measure in each experlment

A) F5Omb n LOwmel HEL ol Hoeo o 22,4 L Ho 2% 4 [
, l" 0 O O P £__ 2_ v o ' !-{ C‘{ f WA = ' Hz_ \‘»» B N'"""“W“"wvd/
] . o g Ci
B) Fyo el ” [.O sl HCE " i el PL‘C{’-K- LT J Flg o 104.3 i
: ] ¥¥s = i - T e,
leco pan L z. "‘"aﬁtfu i VMO[‘LC’L loOX]O?'j ‘\}
i 3. Exchange your answers to questions 1 and 2 with the same classmate with whom you compared experimental I ——

designs, Beginning with the classmate’s answers to question 2, calculate the volume of 1.0 mol/L HCl required
to form the quantity of product he or she determined for each experiment, Your classmate should perform the
same calculations with your guestion 2 answers.

' [ el H 7 el HCE 1000 sl
A) glt{_LHL ® ’ . ® G,‘;O ymL
e ( wmolHy Jo pnel Hed e’
R) jo 3 PhCh | welPhdy 2 el MU 1000 mb o ?,)OM%}
23,2 4 T T e

. 7(?"—‘3\
(52.& -ﬂ:s) "'—‘%Q?‘bOvV\L B e ‘
| e TN

b Dr\f f\'ﬂc]
Ha ) ) X D 2igh
e)o“‘__!
.- @rrr ¥ e
Pk (NC,),
[ Student m,qm (\;;l‘\ns“’i'\fg‘ fo TP | L P
H NG
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4.5 Review Questions (p. 217)

[ 26 maed M 2 wmelluC e
. ﬂl) P = ﬁ\_ﬁ% ToleMG i
. . A 3 / 1M 2 el CnO .
L) .5 ky x {0 f: e el M1 : wa e T’_‘jiﬁ ffiDﬂji i,
! 4 #2lO g el M e e
y TPEs I_mal 17 i, 24 L co, ,
<) CHTE L Cae” Cuo T el oo, T Eq‘? S0 4
2iE0 [ JSapcHyNe, 2 el Ny 22,4 L =
Z.a) 7 A T e CHyno, T ) T i\hg_fgu%l::t vl
5_5— LY M 4 e N G i, PTG )
by 7585 z‘” Mo, zm:,jﬂ"”ol" Ia,f-' = (41eo gy
- : 3 S - - o B
2% i N & o e
s xteaeee Nooy i mal el O 180§ ~[3!Du ,
c) s b oz RIS pmalec 2 melN, ] el TN j,a -
0,0 mi . S | HOE f ol T L5y .
3, 0ot SR LR 9 2 sy
fz.2.4 Na I el Ma i24.F kT *“_“x_""J
4' J ) 23,0 4 Nn.“— <j. el Moa '”'i’ fk:r o
.3,1-2-3‘-:] !‘ r““rHL(.LOY 2 am )M £y FE aer a L ~
R AT 4 * e el FI,C:-O.F.-A- e 573mL“_
) N . ) o, :{kg i el T wmel Ol p Fog "!3&'{0
6. 244 + 3¢t — ZAICL, TRy X T Al T i ,,_;1_}
' ' 0,034 mul Kol , _(__mel Hysoy, om0
7. H?_Sﬂlf + kol = Jci__f.tj.!, + 24 O x = RN CH

g, CaHy0H + 30, —Zco, + 3OV

25 aﬂﬂ-cf_ﬁsﬂ” 1 mu{ 3 st M, O « 15 & 5

9, THC + FeS5 — H'Lf + FELCJ'?_ v

20FL o L et I el FeS _ 879 4 P
i o= = aq
" e I el Hy S T Lﬁﬁ"l“} A

lo,  CaCO;u,F 2HQ — Call, + H,0 +CO,¢ ¥

! i5.0g Cocly | wal€aloy 1 ue) €O 440 g o, | ‘:f; 5"?;‘.3‘;"'
1 B 1881 g i m-quf_G_g b hmnl QO o —
“40.0 L NHy LM, o Y
il N +3H, — INH,~ “ s *‘j_ T LN, .._'F-EL > L) v
F.00; Ph I, _ I et P E?_% . K - ‘kh'.:.l'r' »
Iz. 2 ¥ Gtio 4 I el PLT ;C} FQT
13.2Zun + SH{NG ) — 21.-‘(!\!0 } + S U,f(lZH s ‘Hv—i‘?ﬁ)
I : W!'-"I o B - -2
. 2H 5y Sno Sno o _ZometZa 653 5 Zn o o
—Hf-?_'j i wsul 5a I el L wa_h__g,__
M, Balwo), + K,s04 — [3.15{3* + 2kNe,
(o5 sl Entuu N § et Basey” €32 T - ;!goc}ﬂ_ v
T aned |Zegmog), I opaaf e —"
1'_5-,. See ] ]O@ IZ,EL':-QI_K i "“‘ICGI'.K | — C@(;OJ ool g o g
Ea x =/s
For N 224 LCO, | el 20, [ ool | ‘iw_g Vi
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57.3 mL


—
3

16) Npoy — 2NO, OH= SCKT /el ¥

2§ MO 1 melNO, —y wctN, 0 s kT
1 I " P
"‘l‘L-Dj (N ' -3, ma1”04_, i W*’”Luq

3)  2HBe + Koy s 2KBe + H© T CSY

o

(e.?flﬁ

——
: ~,
S0 Al < 0,509 bl H%r‘_”‘ | e | L"\r..c—e'_;# 3. g __1/!-{‘: 9 '-.E
oo e ra f‘-ﬂ.'@‘l“l,l;-gl’. i R | \\\__._"_’_/J

1%) EC_..]P'[}L-:_LOH + Pb(no), — PE{C:4}CQG)1’(SJ+1HM03 v

|2te b 2 el B | _ﬂ.-“ll_

: $:6%g « L eetih tCHKED.;)L:-a 7 el CHycood » i L.
| il ! e | Ph LCH 0O} 2§ mu‘f:/

T

.02l L_.J ['Z.|.-«L-}

19)  3NacH + HPO — Nagpoy ¢ 3HO v

E Z5.omb ©.35¢ "‘“'HEPDM,L el M‘.._c;l—'-,. [t .l "’@"HL

oo . b i e | HJPQH 5 615w al d

20) 2z~ * WHI — Z.T, v W7 g

£ Somb | 0095 mel BT wetH, o YL D310y



4.6 Stoichiometry in the Real World — Excess/Limiting
Amounts, Percentage Yield, and Impurities

‘Warm Up (p- 220) -

Suppose you are workmg in an lce cream shop A group of customers come m and they Would hke to order rce
cream sundaes The shops computer page reads as foilows for ice cream sundaes : R : -

S'erjo‘ps'vani'i'ia ice c'réém'" 'S.ix'sco'd]o_f,E T d_ne“S'c'c'_)op\ranE[!a ice cream
Chocolate syrup 200 mL 50 mi chocolate syrup - '
Super sweet red cherries 475 cherries one cherry on top”

(Do NOT change the recipe)

What is- the maxrmum number of sundaes you can make for customer57 L,‘ SRR

2 What rtem frmrts the number of sundaes YOU can make? O{\OCO Oj‘@ g% ‘ﬂj

3 How much of each of the excess items wril still be leﬁ as sundae stock?

9 Scoops OF e cren ﬂ
Y7\ cherries |

Quick Check (p. 221)

_ Consrderthefol!ow:ng s;tuatron 3'_':3- o

L 2CO(9) + Oy(g) — 2 COy(g)

reactants is in excess7 O L Oy 0=C=0
: _ L =0 o C=0
-2, Sketch any remamsng reactants and products to show : C%D - e C
SR what wﬂl be present ohce the react:on is compiete = % =0
O O o '. EEEERTIE . ) . reactants prosdticts

RRCEST Oa

3. How many CQz'particIes are formed? L“%

. 4. How many excessreactant p_artic%e's remain? } S

Practice Problems — Limiting and Excess Stoichiometry (p. 223)

1. 25.0 g each of zinc metal and HC dissolved in agueous solution are reacted together. What volume of

hydrogen gas, measured at STP, is formed and what mass of excess reactant is left over? .

Za+ AHO —3 ZnCla * Ha 25 Ogrich Linpt HOL . fm"';z" «Blghn
25 .OgZn x Lmol  ImofH, 3H4Lia _ 9 561 (Zr’r is %6.5g R dmatHCY ol |

6509 " TmolZn  1mOiHa NOREL g‘g"quﬁy

} .

wvfi?;_rfjﬂrr:., tmol , Lmoite aa%r_ r
o DgHC ang 2 ol HC x“”’ (97___;___

B

“05.0-22. Lﬁd (ogexceﬂfzhj
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2. Anacid spill containing 12.0 g of pUre sulphuric acid is neutralized by 80.0 g of sodium bicarbonate (baking
soda). What volume of water is formed? What mass of excess reactant is left over? (Reminder: density of water
=1.00g/mb) INaHCOs + HaS0q —2» NaasOu + 2,0 %&GO%

eade <3 € Jﬁfil_mi w dmpiHa0 |iL4J:la—© LF‘!’,LH&O -

kil = Lo mm _&J‘OOiHaO < ¥L0gHe0 . 5. Q001206
honelirl~=>13-09 <5774 * TrnTigsou s?’m%“ﬂio ‘i’l“é%‘“ ) wﬂ\) 7 (g go

12.0gH,80u Lol Ek\mo\“}j»\é(p)d « 2409 _ - 20. 6o Nar02 usech :\
; M
3. Whenammoniais gassed over h(gl(?alcmzm ca1c1ummyclnde and nitrogen gas are formed, What mass of

calcium hydride results when 20.0 L of ammonia measured at STP and 150 g of calcium are reacted? What
quantity of excess reactant remains? AN 3" ACo— 3Cq W, + N,

90.0LNHy o MmoiNHa | Zwolfota, 1309
UL QwnlRfe Tino) w

Qxeeks~ 1509 Cay 1 mol . DmolCabla , Adig |57
L—!OJ?; % mot Ce I moi 9

20.0LNY, , 1m0l ZmolCa 0dg 5o 2,779 Lo usech
qanL awol NV lwol 70

15053, 7=a6.5 — (-0%10% 16kt (o)

Quick Check (p. 224)

1. Determine the percentage purlty of the following:
(a} Ad5qg piece of calmum contains only 3.8 g of pure calc;um metai

3995007 = 9N T

S R
{b) Pure ph%sphorus makes up 17. 5 g ofa sample of whlte phosphorus welghlng 20 0 g
\*’7 T S R
o _M___._j 70 u?- % / 5 //ﬂ
A0.0q

2, What mass of pure\potass%um is contained in a 0,90 g piece of 90,0% pure potassium?

U&Qﬂg (\,{} j @
00

Practice Problems — ?ercentage Purlty (p. 226)

1. The thermite reaction is extremely excthermic, producing temperatures in excess of 2500°C. These high
temperatures were used to weld iron tracks together during the early days of the railway. Thermite is a mixture
of powdered aluminum and iron(lll) oxide {rust} reacting as follows: 2 Al(s) + Fe,0.{s) = Al,O,(s) + 2 Fe(s). If
2.44 g of 95% pure aluminum is reacted, how many grams of aluminum oxide can be produced?

%tﬂ

0.95 (2.44)AL, binod | \wotMaOz 19209 o ?ﬁi
(A 00} Jdmol At b mod 1Y

2. How many grams of 73.0% pure iron{lll}) oxide are required to form 24.5 g of pure white hot iron metal in the
thermite reaction? (Hint; Begin by determining the mass of pure oxide required.)

g,

JU e

ot '“"‘»».\

21 By Fe, LmolFe ol F0s 159,63 a0p pue, 100mpie (3210
) :1 g oy T o ?O R
5539  AwmbiFe | ol %@QO;% 73,0 pave Feqls

3. When hydrochloric acid is added to 5.73 g of contaminated calcium carbonate, 2.49 g of carbon dioxide is
obtained, Write a balanced equation and find the percentage purity of the calcium carbonate,

W * LalDr ~> (alla + W+ {:(‘)g 56 g
2.4 , (O ¥ mo\;(?,(’} . poot Cac De ¥ %:?: (;7 :@:ﬁ)

My ) g g LI
T F

ot o
ins'\,,ua
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Practice Problems — Percentage Yield (p. 227)

1, A chunk of zinc metal reacts with an excess of hydrochloric acid solution. What is the percentage yield if a
7.23 g piece of zinc produces 2.16 L of hydrogen gas at STP? Begin with a balanced equation.

2. A solution containing 15.2 g of barium bromide is reacted with a solution containing excess sodium phosphate
to form 9.5 g of precipitate. What is the percentage yield of the reaction? Begin with a balanced eguation.

ABofary + AN as POy — Bas (PORa o + [ Moy . 95 54 00, =
15.2 %&Braxwmgi Aol BasPoara , 601.9% 9 o s e x[(JO =
3 ol i%a%)m ) 0. ?)9 10- ?

Mo
3. Copperill) oxide reacts WPth hy%rogen gas to form water and cop}aer metal. From this reaction, 3. 6 g of copper
metal was abtained with a yield of 32.5%. What mass of copper{li) oxide was reacted with the excess hydrogen

gas? Begin with a balanced equation. CuO+ Hay —7 Ha O + Cowe {(batd

Za 4+ 2R = Zalla + Ha 31 l(oL, 7 =
7.2%g2Zny Lmol  Amd e 29 YL Ha X 00 Q J
? "y i%%‘?zn im0l v QDL EZ L%L. "

weld of 1007 2.69 o, tmoolCe . YmolCuo | 19.59Cu0 .
222 ) 40y 100G Lol CuO 19.59\ 0y,
wowd be  Fags = 19 62.5q _ foolty  VmolCu0 Mg

4.6 Activity: Charting and Graphing Stoichiometry (p- 228)

Question
What are some different ways to represent stoichiometric data?

Background
A student performs a single replacement reaction between pure magnesium metal and hydrochloric acid under

two different conditions. The quantities involved are measured and recorded in tabular and graphic forms.

The reactions are performed in 250.0 mL of HCl{ag). The magnesium is weighed before and after the
reactions are completed, The reactions are allowed to proceed for the same period of time in both trials. In both
cases, once the reaction is completed, the volume of gas is measured under STP conditions.

- (250, Oml)

. Measuredltems | VeryHot | Very

Initial mass of Mg(s) 1.00g 1.00g

Final mass of Magis) 0.00g 0759
Volume of H,{(g) 7 mk TmL
Volume of HCl{ag) 250.0 mL 250 mi. &
Initiai Concentration of HCl{ag) 1.00 maol/L 1.00 mol/L
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Procedure

Very Hot:

2HCl{ag) — MgCllaq) + H,{g)

[ Reactonspecies [rctes | Mathien @
Initial. number of moles 0 ()LH 2. 10,250 &) O
Change in numberof moles &0, 04 {2 |- 8, 0913+ 0. 0%12 | +0.0¢( 2
Final number of moles O 0. féﬂ O.04iz2 |c.o4jz
Very Cold: Mgls) + 2 HClag) — MgCl,(aq) + H,ig)
eactionspedes | mg [ Aciian | Mathiem
Initial number of moles 0.04%420.250 O
Change in number of moles =1 8.0 103 0.0206 F0.01073 | +0.0103
Final number of moles 0,0309 10,229 |0.0(03 0.,0{073

N

1. Complete the following tables for the reaction under very hot and very cold conditions, Include signs in the
“change in number of moles row" to indicate an increase or decrease in the number of moles.

=

M

N

h

A.im hc,v{

i,oq9

/ ;maf
2433

@ O‘H?_ mof

= OJ.SDL

H oS J-u;" ‘-'Q.

LZ: ytf’ I

\
M9 £
¢ Loié)

= 0,‘?'{3

conditions? iigﬁ

Results and Discussion
1. What is the limiting reagent in the reaction under both conditions?

/V[a,j ne. S v

2, What conditions are required to compilete the reaction?
Ve“f [Ho+ Tc;,w\p-e/«csf-ume, (.r\v\ s Fie PeAf'OKJ }

3. What volume of hydrogen gas (measured at STP} is formed under very h hot conditions? Under very cold

c‘orndmons? 0. OHZ ol 2% L
O T -
‘:{/ / th){
C’BL;B, O, 0tod wel 22,4

[ o

w (OO fo =

O, 2500

cot? 0. 0103 mef

L.

O, 250

1

(\kf}z.s 0

4, What is the percentage yield under very cold conditions?
0.231 L
0.923 L

5. What is the final concentration of magnesium chloride solutlon under
O, 02 el

\ﬁ Nc;'/; [P utu\-!'e,\
/ ( Z [AVENS U—Sc.c/)

ry hot conditions? Under very cold

Ha

- @ wgma//b

L.

!\’t

t.)l“\!?

of

é; o4lz‘md/g¢ CAL L%r>

6, Using the graph “paper” below, sketch a graph to show the change in the number of moles of each species

i, 00 s
i
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0.85 (Nels 120g) = 1929 gqu Nots

1929 NaNs x Lol Nols. o 3 wng) W 22.4L W ,@g\\ —
b5.09 3 ) Ny dwoll TS

1 Limising R

\:3 4.229 3\ yno . 2 we) BgCl w540 égiv 4
\v§.99 KR | fnod ,
Tk Legs -
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0. 01 4 ol GeFal
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= 2.19 mol
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