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Homework #3

Chapter 4

Types of Chemical Reactions and Solution Stoichiometry

Determine the concentrations of the solutions

Solution A
4 particles — 4, barticles
1.0L ' L
Solution B
6 paticles — 1.5 particles
40L ' L
Solution C
4 particles =20 particles
20L ' L
Solution D
6 particles =30 particles
2.0L ' L

Therefore, the order of solution from most to least concentrated is
solution A > solution D > solution C > solution B

a) Polar solutes will mix with water and nonpolar solutes will not. For polar solutes the
water molecules will orientate so that the H-atoms are lined up around the anion and
the O-atoms are lined up around the cation. If the solutes are liquids then you will see
only see one solution after water has been mixed with a polar solute and two layers
when water has been mixed with a nonpolar solute.

b) When KF is put into water it will dissociate into K* and F* because it is a strong
electrolyte. The water molecules will orientate themselves so that the H-atoms in the
water are near the F~ ions and the O-atoms in the water are near the K* ions. When
CeH1206 dissolves in water it will stay as C¢H1,06 molecules and not dissociate into
atoms/ions because C¢H1,056 is a nonelectrolyte. The water molecules will orientate
themselves so that the H-atoms in the water are near the partially negative locations in
CeH1206 and the O-atoms in the water are near the partially positive regions of the
molecule.

c) When RbCl is put into water it will dissociate in Rb* and CI because it is a strong
electrolyte. The water molecules will orientate themselves so that the H-atoms in the
water are near the Cl~ ions and the O-atoms in the water are near the Rb* ions. When
AgCl is put into solution it will stay as a solid because it is not soluble in water.

d) HNOs is a strong acid and will complete dissociate into H* and NOs". The water
molecules will orientate themselves so that the H-atoms in the water are near the NO;~
ions and the O-atoms in the water are near the H* ions. CO is a nonelectrolyte and will
not dissociate in water. The water molecules will orientate themselves so that the H-
atoms in the water are near the O of the CO and the O-atoms in the water are near the C
of the CO.

Determine the formula and ions of each of the names

a) barium nitrate Ba(NOs), which is made up of Ba?* and NOs’
matches with beaker iv
b) sodium chloride NaCl which is made up of Na* and CI

matches with beaker ii
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d)

a)

b)

d)

b)

potassium carbonate K,CO3 which is made up of K* and COs*
matches with beaker iii

magnesium sulfate MgSO4 which is made up of Mg?* and S04>
matches with beaker i

L NaOH > g NaOH
L NaOH - mol NaOH = g NaOH
2.00 (020 meLeon) (wo0aneott) — 30,0 g NaOH
20.0 g of NaOH would be put into a volumetric flask and then water would be added to
the 2.00 L mark.
MV, = M,V,
(1.00 M)(V;) = (0.250M)(2.00L)
V; =0.500L
0.500 L of the 1.00 M stock solution would be put into a volumetric flask and then water
would be added to the 2.00 L mark.
L K2CrO4 2> g KaCrOy
L K2CrO4 2 mol K>CrO4 2> g KaCrOy

0.100 LK,Cro 194.20 g K,CrO
2.00 L K,Cr0, e 1) (124200 2;;44) = 38.8 g K,Cr0,

38.8 g of K,CrO4 would be put into a volumetric flask and then water would be added to
the 2.00 L mark.

MV, = M,V,

(1.75 M)(V;) = (0.100M)(2.00L)

V; =0.114 L

0.114 L of the 1.75 M stock solution would be put into a volumetric flask and then water
would be added to the 2.00 L mark

Ca(NO3s),(s) = Ca?*(aq) + 2NOs(aq)

V =100.0 mL (o) = 01000 L
1000 mL

Calculate the molarity of Ca*

Regze = 0100 mol Ca(NO3), (1 ame %) = 0.100 mol Ca?*
_n_0.100 mol

n_ _ 2+
=y~ 01000  00MCa

Calculate the molarity of NOs’
nyo; = 0.100 mol Ca(NO3), (

_n_O.ZOOmol_ZOOMNO_
vV ooo01000L 3

Na,S04(s) = 2Na*(aq) + SO4*(aq)
V=125L
Calculate the molarity of Na*

N2+ = 2.5 mol NaySO, (
n 5.0 mol
vV 1251

2molNO3

_ZmolNo;s Ca(No3)2) = 0.200 mol NO3

2mol Na*

7) = 5.0 mol Na*
1mol Na,S0,

M= =4.0M Na*




Calculate the molarity of SO4*

_ 1mol SOZ™ \ _ 2—
nSOZ— —_ 2.5 mOl Na2504 (m) —_ 2.5 mOl 504
_n_2.5mol_20MSO _
vV 125L ° 4

c) NH4Cl(s) 2 NH4*(aq) + Cl(aq)

V = 500.0 mL (m) = 0.5000 L

Calculate the molarity of NH,*
g NH4Cl & mol NH4Cl = mol NHg*

5.00 g NH4Cl( 1 mol NH,Cl )( 1mol NHf

) = 0.0935 mol NH}

53.50 g NH,Cl) \1mol NH,Cl
n_ 0.0935 mol 0187 M NH*
Vo 05000L 4

Calculate the molarity of CI
g NH4Cl = mol NH4Cl = mol CI

5.00 g NH,Cl (o motMILCLY (LMoL EL) — 0,0935 mol C1-

53.50 g NH,Cl/ \1 mol NH,Cl
_n_0.0935mol 0.187 M CI-
~V 05000L
d) K3PO4(s) = 3K*(aq) + POs*(aq)
V = 250.0 mL (m) = 0.2500 L

Calculate the molarity of K*

g KsPO4 2 mol KsPO4 = mol K*
1.00 g K3PO, (ol KsP0s ) (3ol K ) = 0.0141 mol K*

212.27 g K3P0,) \1 mol K3P0,
n  0.0141 mol

V7 0.2500L
Calcualte the molarity of PO4*

g K3POg4 - mol K3POg4 - mol PO4

1mol K3P0, 1 mol PO~

1.00 g K3P04 (212.279 K3P04) (1 mol K3PO,

M= n 0.00471 mol — 0.0188 M PO3-
TV 02500L !

=0.0564 M K*

) = 0.00471 mol PO}

27. Calculate the number of moles of Na* in 70.0 mL of 3.0 M Na,COs

M_Tl
v
V= 70.0mL( 1L )= 0.0700 L
1000 mL

Ma,co, = MV = (3.0 M)(0.0700 L) = 0.21 mol Na,C05

+
Nyg+ = 0.21 mol Na,CO; (%) = 0.42 mol Na™*

Calculate the number of moles of Na* in 30.0 mL of 1.0 M NaHCO3

M _ n
v
V = 30.0 mL (L) = 0.0300 L
1000 mL

anco, = MV = (1.0 M)(0.0300 L) = 0.030 mol NaHCOs

Mg+ = 0.030 mol NaHCO; ({2024 ) = 0,030 mol Na*
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Calculate total moles of Na*

Ntotal moles Na+ = 0-42 mol + 0.030 mol = 0.45 mol Na™
Calculate the total volume

Viotar = 0.0700 L + 0.0300 L = 0.1000 L
Calculate the molarity of Na* ions

_n_0.45mol_45MN +
“v~o1000L a

Calculate molarity of stock solution

1mol (NH,),S0,
25.0 g (NH4)250, (132.1382 g (NH,),50,

n _ 0.189mol (NH,),S0,

) = 0.189 mol (NH,),SO0,

Calculate molarity of the diluted solution
M1V1 == Msz

(1.89 M)(0.0100 L) = M,(0.0600 L)
M, =0.315M (NH,),S0,
Calculate molarity of NHs" ions
2mol NHf

0315 M (NH,),S0, (romothli o
Calculate the molarity of SO4* ions

1mol SO~
0.315 M (NH,),S0, (#&im

)= 0630 M NH}

) = 0315 M 503~

Stock Solution
N = 1.584 g Mn (%) = 0.02883 mol Mn
All of the Mn?* came from the Mn(s) therefore 1y, = ny,2+

Nynze = 002883 mol Mn (L22M0) — 002883 mol Mn?*
n _ 0.02883 mol

M=—-—=——————=0.02883 M Mn?*
V- 1.000L n
Solution A
M.V, = M,V,
1L
Vy = 50.00 mL (5ol) = 0.05000 L
V2 = 1000.0 mL (r5ar) = 1.0000 L

(0.02883 M)(0.05000 L) = M,(1.0000 L)
M = 0.001442 M Mn?*

Solution B
M.V, = M,V,
1L
Vy = 1000 mL (5oi) = 0.01000 L
Vy = 250.0 mL (o) = 0.2500 L

(0.001442 M)(0.01000 L) = M,(0.2500 L)
M =5.766 X 1075 M Mn2*



36.

39.

40.

42.

Solution C

M1V1 = Msz

1L
Vi = 1000 mL (5olr) = 0.01000 L
V = 500.0 mL (j5ot) = 0.5000 L

(5.766 x 10~5 M)(0.01000 L) = M,(0.5000 L)
M =1.153x10"% M Mn?*

The name lead nitrate is incorrect, the correct name should be lead(ll) nitrate.
Reaction that occurs:  Pb(NOs),(s) + 2Kl(aq) = 2KNOs(aq) + Pbly(s)
Complete ionic equation: Pb?*(aq)+2N0Os(aq)+2K*(aq)+2I(aq)

->2K*(aq)+2NOs(aq)+Pblx(s)
Yes the solution will still conduct electricity because there will be K* and NOs ions in solutions.
Note: all of the Pb** moles (1.0 mol) and the I moles (2.0 mol) will go into forming the solid
therefore, there will be none of these ions in solution.

a) (NH4)2S04(aq) + Ba(NOs)2(aq) = 2NH4NOs(aqg) + BaSO4(s)
2NHs*(aqg) + SO4*(aq) + Ba**(aq) + 2NOs(aq) = 2NHs*(aqg) + 2NOs(aq) + BaSO4(s)
S04*(aq) + Ba**(ag) = BaS0a(s)

b) Pb(NOs)2(aq) + 2NaCl(aq) = 2NaNOs(aq) + PbCly(s)
Pb%*(aq) + 2NOs(aq) + 2Na*(aq) + 2Cl(ag) = 2Na*(aq) + 2NOs(aq) + PbClx(s)
Pb?*(aq) + 2Cl'(aq) = PbCly(s)

c) NasPOg4(aq) + 3KNOs(ag) = 3NaNOs(aq) + KsPOu(aq)
3Na*(aq) + PO4s>(aq) + 3K*(aq) + 3NOs(aq) = 3Na*(aq) + 3NOs(aq) + 3K*(aq) + PO4s>(aq)
No reaction

d) NaBr(aqg) + RbCl(aq) = NaCl(aq) + RbBr(aq)
Na*(aq) + Br(ag) + Rb*(aq) + Cl'(aq) = Na*(aq) + Cl'(aq) + Rb*(aq) + Br(aq)
No reaction

e) CuCly(aqg) + 2NaOH(aq) = Cu(OH),(s) + 2NaCl(aq)
Cu*(aq) + 2Cl(aq) + 2Na*(aq) + 20H(aq) = Cu(OH),(s) + 2Na*(aq) + 2Cl(aq)
Cu*(aq) + 20H(aq) = Cu(OH)a(s)

There are multiple ways to do these problems; this is one way to do them

a) 1. Add NaCl to the solution this will cause AgCl to precipitate
2. Add Na;S0, to the solution this will cause BaSO, to precipitate (Note: steps one and
two could have been switched.)
3. The Cr* ions will be left in solution

b) 1. Add Li>SO, to the solution this will cause PbSO, to precipitate
2. Add LiCl to the solution this will cause AgCl to precipitate (Note: steps one and two
cannot be switch because if the ClI" was added first both PbCl, and AgCl would have
precipitated out.)
3. The Cu®" ions will be left in solution

c) 1. Add CaCl, to the solution this will cause Hg,Cl, to precipitate
2. The Ni** ions will be left in solution

There are multiple ways to do these problems; this is one way to do them.
a) 3NaOH(aq) + FeCls(aq) = Fe(OH)s(s) + 3NaCl(aq)
b) Hga2(NOs)2(aq) + BaCla(ag) = HgCla(s) + Ba(NOs),(aq)
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c) K2S04(aqg) + Pb(NOs),(ag) = PbSO4(s) + 2KNOs(aq)
d) (NH4)2CrO4(aq) + BaCly(ag) = BaCrOa(s) + 2NH4Cl(aq)

2Na3PO4(aq) + 3Pb(N03)2(aq) > 6NaN03(aq) + Pbg(PO4)2(S)
mL Pb(NOs), = mol Pb(NO3); = mol NasPO4 = L NazPO,

1L 0.250 mol Pb(NO 2mol NazPO 1L NazPO
150.0 mL Pb(NO), ( )( o)z ( 20 ( 3P04
1000 mL 1L Pb(NO3), 3mol Pb(N0O3),/ \0.100 mol Naz PO,

) = 0.250L

2AgNOs(aq) + CaCly(ag) = 2AgCl(s) + Ca(NOs)2(aq)
This is a limiting reagent problem
Calculate the moles of AgNOs.

100.0 mL AgN03( 1L )(O.ZOmolAgNOS

1000 mL 1L AgNOs

Calculate the moles of CaCl,.
1L 0.15mol CaCl3\ __
100.0 mL CaCl, (o) (2250 = ) = 0.015 mol CaCl,

Calculate the number of moles of CaCl, needed to fully react AgNOs.

) = 0.020 mol AgN O,

0.020 mol AgN 05 (%) = 0.010 mol CacCl,
Since we have 0.015 mol of CaCl, the AgNOs is the limiting reagent.
AgNOs(aq) (L.R) CaCly(aq) | AgCl(s) Ca(NOs),
I (mol) | 0.020 0.015 0 0
C (mol) | -2x=-0.020 -x=-0.010 | +2x=0.020 | +x=0.010
F(mol) |0 0.005 0.020 0.010
0.020 —2x =0
x = 0.010
Calculate the grams of AgCl produced.
0.020 mol AgCl (%) =2.9 g AgCl

Calculate the concentration of the all the ions.
Final Volume of Solutions

100.0 mL + 100.0 mL = 200.0 mL (r5ar) = 0.2000 L
Calculate the concentration of Ag*ion
0 M Ag* all went into forming AgCl
Calculate the molarity of Cl" ions
M =2 =209 _ .05 M €I~ from the CaCly
Calculate the molarity of Ca* ions
M =7 =220 = 0.075 M Ca* from the Ca(NOs); and CaCl,
Calculate the concentration of NOs™ ions
M==2= 20010mol) _ 0.10M NO3 from the Ca(NO3)2

14 0.2000 L

Na,CrOq4(aq) + 2AgNOs(aq) = 2NaNOs(aq) + AgaCrOq(s)
mL AgNO3 = L AgNO3; = mol AgNO3; = mol Na,CrO4 = g Na,CrO,

1L 0.1 mol AgNO 1mol Na,CrO. 161.98 g Na,CrO
75.0 ml, AgNOs (1L ) (LmeLAanos) (1molNesGro, ) (16198 g NasGro,)
1000 mL 1L AgNO3 2mol AgNO3 1 mol Na,CrO,

= 0.607 g Na,CrO,
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g BaSO4 9 mol BaSO4 9 mol C7H5N035 9 g C7H5N035

1 mol BaSo. 1mol C;HgNO3S 1mol C;HsNO3S 183.20 g C;Hg5NO3S
0503293(1504( 4)( 7415 3)( '75 3 )( g L7 3)
233.40 g BaS0, 1mol BaS0, 1mol Sin C;HgsNO3S 1mol C;H5NO3S

=0.3950 g C,HsN O3S
This is the amount of saccharin in 10 tablets therefore there is 0.3950 g of saccharin in one
tablet.
The mass of 10 tablets is 0.5032 g and the mass of the saccharin in 10 tablets is

0.3950 g

10
The average mass % saccharin

(0'3950 g) 100% = 67.02%
0.5894 g 0T P

= 0.03950 g saccharin per tablet

M,S0s(aq) + CaCly(aq) = 2MCl(aq) + CaSOaq(s)
g CaS0O4 2 mol CaSO; = mol M,SO,

1 mol CaSO 1mol M,S0O
136 g CaS0, ( =) ( 2504
136.15 g CaS0, 1 mol CaS0,

m 142 g p

M =—=—" =142 L
M2504 — 5 ™ 0.00999 mol mol
MM2504 = ZMM + MS + 4‘M0

) = 0.00999 mol M,S0,

9 _ 9 9
142 9 = 2My, +32.07 2 + 4(16.00 %)
My =23-L
mol

Since the molar mass is 23 the metal is sodium (Na)

V NaOH = mol NaOH = mol acid = V acid

50.0 mL NaOH (ﬁ) = 0.0500 L NaOH
0.0500 L NaOH (%) = 0.00500 mol NaOH
a) NaOH(aq) + HCl(ag) = NaCl(aq) + H20(l)
0.00500 mol NaOH( L mol HCl )( LLHCL ) = 0.0500 L HCl
1 mol NaOH 0.100 mol HCL

b) 2NaOH(aq) + H,S04(aq) = Na,S04(aq) + 2H,0(l)

1 mol H,SO 1L H,SO
0.00500 mol NaOH ( 2 4) ( 2504
2mol NaOH 0.100 mol H,S0,4

c) 3NaOH(aq) + H3POs(aq) = NasPO4(aq) + 3H,0(l)

1 mol H;PO 1L H,PO
0.00500 mol NaOH ( 3 4) ( 3P04
3mol NaOH 0.200 mol H3PO,

d) NaOH(aq) + HNOs(aq) = NaNOs(aq) + H20(l)

1mol HNO; 1L HNO; _
0.00500 mol NaOH (1 LiN0s ) (__LLHN HN03) = 0.0333 L HNO;

e) NaOH(aq) + HC;H30,(aq) = NaC;Hs;0(aq) + H,O(l)

) = 0.0250 L H,50,

) = 0.00833 L H;PO,

1 mol HC2H302 1LHC2H302 _
0.00500 mol NaoH (1L He0:) (1 molHCzH302) = 0.0250 L HC,H;0,
f) 2NaOH(aq) + H,S04(aq) = NazS0s(aq) + 2H,0(l)
1 mol H,SO, 1L H,SO, _
0.00500 mol NaOH (L0304 (1. moleso) = 0.00833 L H,S0,

NaOH(aq) + KHCgH4O4(aq) > NaKC8H4O4(aq) + HzO(l)
g KHP = mol KHP = mol NaOH

0.1082 g KHP (*molkhP) (1molhaok) — 5 998 x 10~* mol NaOH

204.22 g 1mol KHP
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Calculate the molarity of the NaOH solution

V =34.67mL (L) = 0.03467 L
1000 mL
po= o 328X mol_ 016w NaoH
VT T 003467L ¢

3Ba(OH),(aq) + 2H3PO4(aq) = Bas(PO4)a(s) + 6H,0()
mL H3PO4 9 L H3PO4 9 mol H3PO4 9 mol Ba(OH)z 9 \Y Ba(OH)z

1L 0.141 mol H3PO, (3 mol Ba(OH), 1L Ba(OH),
14.20 mL H3 PO, (1000 mL) ( 1L H3PO, ) ( 2 mol HsPO, ) (0.0521 mol Ba(OH)Z)
= 0.0576 L Ba(OH),
a) HC;H302(aq) + NaOH(aq) =2 NaC;H30(aq) + H,O(l)

mL NaOH = L NaOH = mol NaOH = mol HC,H30,

16.58 mL NaOH (poot) (%202 mOLNaOH) _ 0008393 mol HC,H;0;
1000 mL 1L NaOH
Calculate the molarity of the acetic acid
V =10.0 mL (m) =0.0100 L
m= D= 2008393l 6393 M e, Hy0
v~ o0.0100L 232
b) Calculate the mass of the acetic acid

0.008393 mol HCyH30, (oot ieztsl

Calculate the mass of the vinegar in 10.0 mL
3
10.00 mL (357 (19°9) = 10,06 g

1mL 1cm3
Calculate the mass %

m 0.5041
(Frcetse) 10005 = (~=-2-7) 100% = 5.011%
Meotal 10.06 g

)=05041g

This is a limiting reagent problem. Find out if OH" or H* is present in excess.
2HCl(aq) + Ba(OH)(aq)~> BaCly(aqg) + 2H,0(l)
Net lonic Equations: H*(aq) + OH(aq) = H,O(l)
Determine the initial moles of H*
1L 0.250 mol HCL\ (1 mol H*
75.0mL HC (1000 mL) ( 1L HCI ) (1 mol HCl
Determine the initial moles of OH"

1L 0.0550 mol Ba(OH), 2mol OH™ _ _
225.0 mL Ba(OH), (1000 mL) ( 1L Ba(0H), ) (1 mol Ba(OH)Z) = 0.0248 mol OH

Calculate the number of moles of OH needed to fully react with 0.0188 mol H*

+ (1 mol HCI (1 mol Ba(OH), 2mol OH™ _ _
0.0188 mol H (1molH+) ( 2mol HCl ) (1 molBa(OH)z) = 0.0188 mol OH

Since we have 0.0248 moles of OH, H* is the limiting reagent and will be completely consumed.

) — 0.0188 mol H*

H*(aq) (L.R) OH(aq) H,0(l)
I (mol) 0.0188 0.0248 0
C(mol) | -x=-0.0188 -x=-0.0188 | +x=0.0188
F(mol) |0 0.0060 0.0188
0.0188—x =10

x =0.0188
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Calculate the molarity of OH" left in solution.
V =75.0mL + 225.0 mL = 300.0 mL(

n_ 0.0060 mol

Sr 2+, Cr +6,and O -2

0o

Mg +2, C+4,and O -2

Pb 2+, and SO; -2 (S +4 and O -2)
Na+1,C+3,and O -2

NH; +1 (N -3 and H +1), Ce 4+, and SO4 2- (S+6 and O -2)
Cr+3,and O -2

1000 mL

1L ) = 0.3000 L

=V = 030001 _ 0.020 M OH
K+1, Mn +7, and O -2 b) Ni+4,and O -2
Fe +2
NHz +1 (N -3 and H +1), and HPO, -2 (H +1, P +5, and O -2)
P+3,and 0 -2 f) Fe +8/3,and O -2
Xe+6,0-2,and F -1 h) S+4,and F -1
C+2,and 0 -2 j) CO,H+1,and 0O -2

b) Cu+2,andCl-1

d) H+1and O -1 (peroxide)
f) AgO

h) Pb 4+, and O 2-

j) C+4,and 0O -2

Since they ask for substance oxidized they want entire compound not just element oxidized

a)

b)

d)

Redox reaction

Element Beginning Oxidation #

Ending Oxidation #

) 0

-2

C -4

+4

O is reduced, O is species reduced
Cis oxidized, CH4 is species oxidized
0, is the oxidizing agent

CH, is the reducing agent

Redox reaction

Element Beginning Oxidation #

Ending Oxidation #

Zn 0

+2

H +1

0

Zn is oxidized

H is reduced, HCl is species reduced
Zn is the reducing agent

HCl is the oxidizing agent

Not a redox reaction

Redox Reaction

Element Beginning Oxidation #

Ending Oxidation #

) 0

-2

N +2

+4

O is reduced, Os is species reduced
N is oxidized, NO is species oxidized
Os is the oxidizing agent

NO is the reducing agent
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f)

b)

Redox Reaction

Element Beginning Oxidation # Ending Oxidation #
0 -1 0
0 -1 -2

O is reduced, H,0; is species reduced
O is oxidized, H,0 is species oxidized
H,0; is the oxidizing agent

H,0, is the reducing agent

Redox Reaction

Element Beginning Oxidation # Ending Oxidation #
Cu +1 0
Cu +1 +2

Cu is reduced, CuCl is species reduced
Cu is oxidized, CuCl is species oxidized
CuCl is the oxidizing agent

CuCl is the reducing agent

Not a Redox Reaction

Not a Redox Reaction

Redox Reaction

Element Beginning Oxidation # Ending Oxidation #
Si +4 0

Mg 0 +2

Siis reduced, SiCl, is species reduced

Mg is oxidized

SiCl, is the oxidizing agent
Mg is the reducing agent

Balance Oxidation % Reaction
Cu = Cu*
Cu = Cu* +2e
Balance Reduction % Reaction
NOs = NO
NOs = NO + 2H,0
NOs + 4H* = NO + 2H,0
NOs + 4H* + 3e=> NO + 2H,0
Total Balanced Equation
3(Cu =2 Cu* +2e)
2(NO3 + 4H* +3e=> NO + 2H,0)

3Cu(s) + 2NOs(aq) + 8H*(aq) = 3Cu*(aq) + 2NO(g) + 4H,0(l)

Balance Recution % Reaction
Cr,0,%# > Cr*
Cr,0,% > 2Cr®
Cr0,% = 2Cr¥* + 7H,0
Cr07% + 14H* = 2Cr®* + 7H,0
Cr,07% + 14H* + 6e" = 2Cr¥* + 7H,0

10



c)

d)

f)

Balance Oxidation % Reaction

Cl - Cl,

2CI > Cl,

2CI > Cl, + 2e
Total Balanced Equation

Cr,07% + 14H* + 6e” = 2Cr3* + 7H,0

3(2CI > Cly + 2e)

Cr,07%(aq) + 14H*(aq) + 6Cl'(aq) = 2Cr3*(aq) + 7H,0(1) + 3Cly(g)
Balance Reduction % Reaction

PbO; + H,S04 = PbSO4

PbO; + H,SO4 = PbSO4 + 2H,0

PbO, + H,SO4 + 2H* = PbSO4 + 2H,0

PbO; + H,SO4 + 2H* + 2e” = PbSO4 + 2H,0
Balance Oxidation % Reaction

Pb + H2504 9 PbSO4

Pb + H2504 9 PbSO4 + 2H*

Pb + H2SO4 = PbSO4 + 2H' + 2
Total Balanced Equation

PbO, + H,SO4 + 2H* + 2e” = PbSO,4 + 2H,0

Pb + H,SO4 =2 PbSO4 + 2H' + 2e

PbOZ(S) + 2H2504(aq) + Pb(S) > 2PbSO4(s)+ 2H20(|)
Skip this equation. You will not be able to balence this because there is no sodium on
the products side of the equation.
Balance Reducation % Reaction

H3ASO4 9 ASH3

HsAsO4 = AsHs + 4H,0

HsAsO4 + 8H* = AsHs + 4H,0

HsAsO4 + 8H'+ 8e™> AsHs + 4H,0
Balance Oxidation % Reaction

Zn 2> Zn*

Zn 2> Zn* + 2e
Total Balanced Equation

HsAsO4 + 8H'+ 8> AsHs + 4H,0

4(Zn 2 Zn*+ 2e)

H3AsOq(aq) + 8H*(aq) + 4Zn(s)=> AsHs(g)+ 4H,0(l) + 4Zn*(aq)
Balance Oxidation % Reaction

ASzO3 9 H3ASO4

ASzO3 9 2H3ASO4

As,;03 + 5H,0 -> 2H3AsOq4

As;03 + 5H,0 =2 2H3AsO04 + 4H*

As;03 + 5H,0 2 2H3As04+ 4HY+ 4e”
Balance Reducation % Reaction

NOs = NO

NOs” - NO + 2H,0

NOs + 4H" > NO + 2H,0

NOs + 4H*+3e > NO + 2H,0

11
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g)

h)

Total Balanced Equation

3(As203 + 5H,0 = 2H3AsO4+ 4H'+ 4e’)

4(NOs + 4H*+3e 2> NO + 2H,0)

3As,03(s) + 7H20(1) + 4NOs'(aqg) + 4H*(aq) = 6H3AsO4(aqg) + 4NO(g)
Balance Oxidation % Reaction

Br = Br;

2Br = Bn;

2Br 2> Bry + 2e’
Balance Reducation % Reaction

MnOs = Mn?*

MnOs = Mn?* + 4H,0

MnOs + 8H* = Mn? + 4H,0

MnO, + 8H* + 5" = Mn?* + 4H,0
Total Balanced Equation

5(2Br = Bry + 2¢’)

2(MnO4 + 8H* + 5 = Mn?*' + 4H,0)

10Br(aq) + 2MnOg4(aq) + 16H*(ag) = 5Bry(l) + 2Mn?*(aq) + 8H,0(l)
Balance Oxidation % Reaction

CHsOH = CH,0

CHsOH = CH,0 + 2H*

CHsOH = CH,0 + 2H* + 2¢e
Balance Reducation % Reaction

Cr2072’ > Cr¥

Cr2072’ - 2Cr3

Cr2072' -> ZCF3+ + 7H-,0

Cr,0/% + 14H* & 2Cr** + 7H,0

Cr,07% + 14H* + 6e" = 2Cr®* + 7H,0
Total Balance Equation

3(CH30H > CH,0 + 2H" + 2¢)

Cr,0/% + 14H* + 6e” = 2Cr®* + 7H,0

3CH30H(aq) + Cr,05%(aq) + 8H*(aq) = 3CH,0(aq) + 2Cr**(aq) + 7H20(l)

Balance Oxidation % Reaction

Al 2 Al(OH)4

Al + 4H,0 - AI(OH)s

Al + 4H,0 - Al(OH)4 + 4H*

Al + 4H,0 = Al(OH)4 + 4H* + 3¢
Balance Reducation % Reaction

MnOg4 - MnO,

MnO4 -> MnO, + 2H,0

MnO4 + 4H* -> MnO, + 2H,0

MnOg4 + 4H* + 3e™> MnO; + 2H,0
Total Balanced Equation

Al + 4H,0 - Al(OH)4 + 4H* + 3e

MnO, + 4H* + 3e> MnO, + 2H,0

Al(s) + 2H,0(l) + MnOg4(ag) = Al(OH)s(ag) + MnO,(s)
Since there are no H* in the equation the equation is the same for acid or basic
conditions.




b)

d)

Balance Reducation % Reaction
Cl, = 2Cr
Cl, +2e™> 2CI
Balance Oxidation % Reaction
Cl, = 2ClO
Cly + 2H,0-> 2CIO°
Cl; + 2H,0 = 2ClO" + 4H*
Cl; + 2H,0 2> 2ClO + 4H" +2 e-
Total Balanced Equation
Cl, +2e> 2CI
Cl, + 2H,0 =2 2ClO" + 4H" + 2e-
2Cly(g) + 2H,0(1) = 2CI(aq) + 2CI0"(aq) + 4H*(aq)
Reduce to smallest numbers
Cly(g) + H,O(l) = ClI'(aqg) + ClO(aqg) + 2H*(aq)
Switch to basic
Cly(g) + H20(l) + 20H(aqg) = Cl(aq) + ClO(aq) + 2H*(aq) + 20H(aq)
Cly(g) + 20H(aq) = Cl(aq) + ClO(aq) + H.O(l)
Balance Reducation % Reaction
NOy -> NH3
NOy -> NHsz+ 2H,0
NO, + 7H* > NHsz+ 2H,0
NO; + 7H* + 6e 2> NHs + 2H,0
Balance Oxidation % Reaction
Al > AlOy
Al + 2H,0 2 AlOy
Al + 2H,0 = AlO; +4H*
Al + 2H,0 2 AlO; + 4H* + 3¢
Total Balanced Equation
NO; + 7H* + 6e" 2> NHs + 2H,0
2(Al + 2H,0 = AlIO; + 4H* + 3e))
NO;(aqg) + 2Al(s) + 2H,0(l) = NHs(g) + 2Al0x (aq) + H*(aq)
Switch to basic
NO; (aqg) + 2Al(s) + 2H,0(l) + OH (ag)=> NHs(g) + 2Al0> (aq) + H*(aq) + OH(aq)
NO; (aqg) + 2Al(s) + H20(l) + OH (ag)> NHs(g) + 2Al0y (aq)
Balance Reduction % Reaction
MnOy4 + S = MnS
MnO4 + S* = MnS + 4H,0
MnO4 + S+ 8H* > MnS + 4H,0
MnOy4 + S*+ 8H' + 5 = MnS + 4H,0
Balance Oxidation % Reaction
S* >S5S
S* > S+2e
Total Balanced Equation
2(MnOy4 + S* + 8H* + 5" = MnS + 4H,0)
5(8* 2> S+2e)
2MnOg4(aq) + 7S%(aq) + 16H*(aq) = 2MnS(s) + 8H,0(l) + 55(s)
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Switch to Basic
2MnO4(aq)+75%(aq)+16H*(aq)+160H (aq)=>2MnS(s)+8H,0(1)+55(s)+160H (aq)
2MnOg4(aq) + 7S%(aq) + 8H,0(I) = 2MnS(s) + 55(s) + 160H(aq)

e) Balance Reducation % Reaction

CN = CNO
CN + H,0 - CNO"
CN + H,0 > CNO + 2H*
CN + H,0 > CNO + 2H* + e

Balance Oxidation % Reaction
MnO4 = MnO;
MnOs = MnO; + 2H,0
MnOy + 4H* 2 MnO; + 2H,0
MnOg4 + 4H* + 3e™> MnO, + 2H,0

Total Balanced Equatioin
3(CN + H20 2 CNO + 2H" + @)
2(MnO4 + 4H" + 3e > MnO, + 2H,0)
3CN(aq) +2MnOg4(aq) + 2H*(aq) = 3CNO(aqg) + 2MnOz(s) + HO(l)

Switch to basic conditions
3CN-(aq) +2Mn0Oy4(aq) + 2H*(aq) + 20H(aq)=> 3CNO(aq) + 2MnO;,(s) + H,O(l) + 20H"(aq)
3CN(aqg) +2Mn0O4(aq) + H2O(l)=> 3CNO(aqg) + 2MnO,(s) + 20H(aq)

1%t balance the equation
Balance Reduction % Reaction
MnOs = Mn?*
MnOy4 > Mn* + 4H,0
MnO4 + 8H* 2 Mn? + 4H,0
MnO, + 8H* + 5" = Mn?* + 4H,0
Balance Oxidation % Reaction
H,C,04 = CO;
H,C,04 = 2CO,
H,C,04 - 2C0O; + 2H*
H,C,0,4 -> 2C0O; + 2H* + 2e”
Total Balanced Equation
2(MnOs + 8H* + 5e” = Mn?%* + 4H,0)
5(H,C,04 2 2C0O, +2H" + 2¢e)
2MnOg4(aq) + 6H*(aq) + 5H2C204(aq) = 2Mn?*(aq) + 8H,0(l) + 10CO,(g)
Calculate the moles of MnO4

0.1058 g HyC,0, (methaCa0a ) (2molindy ) — 4700 x 10~* mol MnO;

90.04 g HpC204 5molHpCy04
Calculate the molarity of the MnO, solution

M _ n
v
V = 2897 mL (L) — 0.02897 L
1000 mL
T 4.700 x 10™* mol _ 0.01622 M MnO-
V- 002897L s
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86. a)

b)

Balance the equation
Balance Reduction % Reaction
MnOy4 > Mn%+ 4H,0
MnO4 + 8H* = Mn?* + 4H,0
MnO4 + 8H* + 5" = Mn?* + 4H,0
Balance Oxidation % Reaction
Fe?* - Fe?*
Fe* > Fe¥* + e
Total Balanced Equation
MnO4 + 8H* + 5 = Mn?* + 4H,0
5(Fe* 2 Fe¥* +e)
MnOg4(aq) + 8H*(aq) + 5Fe?*(aq) = Mn?*(aq) + 4H,0(l) + 5Fe*(aq)
Calculate the moles of Fe?
mL KMnO; = L KMnO4 = mol KMnO4 = mol MnO4 = mol Fe?*

20.62 mL KMnO, ( 1L ) (0.0216 mol KMn04) ( 1 mol Mnoj ) ( 5mol Fe?*t )

1000 mL 1L KMnO, 1mol KMn0O,/ \1 mol MnO,
= 0.00222 mol Fe?*
Calculate the molarity of the Fe?* solution
n
M ==
%
V = 50.00 mL (L) = 0.05000 L
1000 mL
n_ 0.00222 mol — 0.0445 M Fe?*
V= T005000L ¢

Balance the equation
Balance Reduction % Reaction

Cr2072' -> Cr3t

Cr2072' - 2Cr¥

Cr2072' > 2Cr¥* + 7H-.0

Cr,07% + 14H* = 2Cr* + 7H,0

Cr,07% + 14H* + 6e" = 2Cr®* + 7H,0
Balance Oxidation % Reaction

Fe? - Fe?*

Fe* > Fe¥* + e
Total Balanced Equation

Cr,07% + 14H* + 6e” = 2Cr3* + 7H,0

6(Fe* > Fe¥* +¢)

Cr0+%(aq) + 14H*(aq) + 6Fe**(aq) = 2Cr*(aq) + 7H,0(l) + 6Fe3*(aq)
Calculate the V of K,CrOy
mol Fe?* = mol Cr,07,%2 = mol K,Cr,07 = V K,CrO-

1mol Cr,027\ (1 mol K,Cr,0 1L K,Cr,0
0.00222m0lFeZ+( 277 ) 227277 ( 22277 )
6 mol Fe2* 1mol Cry,02 0.0150 mol K,Cr,0,

= 0024‘7 L K2Cr207
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