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Chemistry for Environmental Engineering and Science, 5th Edition

CHAPTER 2 - PROBLEM SOLUTIONS

21 (8 MgCOs

FW = 24.3+ 12+ 3(16) = 84.3g/mol
MgCOs3 + 2 H* = Mg2* + HoCO3

84.3 .
EW = =5~ = 42.15 g/equiv

(b)  NaNOs
FW = 23+ 14+ 3(16) = 85 g/mol
NaNO3 + H* = Nat* + HNO3

85 .

EW == =85 g/equiv

() CO2
FW = 12+ 2(16) = 44 g/mal
CO2 + HoO = H2CO3

Note from above: MgCO3 + 2H* = Mg2* + HoCO3 and HoCO3 = 2H* + coﬁ‘
or: CaCO3 + 2H* = Ca2* + HoCO3

44 .
EW =5 = 22 g/equiv
*Note: In some reactions, Z might be consideredtobe 1 (i.e., HoCO3 = H* + HCOQ)

(d)  K2HPO4
FW = 2(39.1) + 1+ 31+ 4(16) = 174.2 g/mal
KoHPO4 + 2H* = H3PO4 + 2K+

174.2 :
EW =—>5— = 87.1 g/equiv

22 (@ BaSOq

FW = 137.3+32.1 +4(16) = 233.4 g/mol
BaSOy4 + 2 H* = Ba2* + H2S04

2334 .
5 = 116.7 g/equiv

(b) NaCOs
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FW = 2(23) + 12 + 3(16) = 106 g/mol
NaCOsz + 2 H* = Na* + HoCO3

106 .
EW = > = 53 g/equiv

(©  H2S04

FW = 2(1) +32.1+ 4(16) = 98,1 g/mol
HaSO4 = 2H* +S0;

A
= % = 49.05 g/equiv

(d  Mg(OH)2

FW = 24.3+ 2(16) + 2(1) = 58.3 g/mol
Mg(OH)2 + 2 H* = Mg2* + 2H,0

58.3 .
EW = =5~ = 29.15 g/equiv

10
23 (3 3+17 - 0.25 for NaOH

10 10
(b) 46+32+64 =142 ~ 0.0704 for NapSO4

10 10
(©) 78+104+7(16) =204 < 0.034 for KoCro0O7

10 10
(@ 35355 = 725 = 0134 forKCl.

X
24 (9 > =015M, X =030 mol KMnQOg4

FW = 39.1+24.3+4(16) = 127.4 g/mol
0.30(127.4) = 38.22 g

X .
(b) 5 = 015N, X = 0.30equiv. KMnOg4

1274 :
W=—"H" = 63.7 g/equiv

0.30(63.7) = 19.11g
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25 Ca&t EW = % = 20 g/equiv
meg/l = o0 = 22 meg/L
24.
Mg2*t: EW = 73 = 12.15 glequiv
19

meg/l = 1215 = 156 meg/L

Total Hardness = 2.20+ 1.56 = 3.76 meg/L
= 3.76(50 mg/meqg) = 188 mg/IL as CaCO3

26 Note for HCOE, H*, and OH™, mol/L = equiv/L (Z=1)
for CO5_, equiviL = 2(mollL) (Z = 2)

[OHT[H"] = 10'14} for [HY] = 1095, [OHT] = 1045

pH = —og[H7]
_ 118 mg/L
- -3
2> 19 mg/L B ’
equiv/L Alk = 1.93x 103 + 2(3.17 x 104) + 1045 - 10-75
Alk = 2.60 x 10-3 equiv/L (50,000 mg/equiv)
Alk = 130 mg/L as CaCOs

27 (@ CaClo + NapCO3 = CaCOg(s) + 2 NaCl
(b)  Cag(POg); + 4 H3PO4 = 3 Ca(H2POy);
(© MnO2 + 2NaCl + 2H2SO4 = MnSOg4 + 2H20 + Clo + NapSO4
(d) Ca(H2POg4), + 2NaHCO3 = CaHPO4 + NapHPO4 + 2H20 + 2CO;

28 (a) FeS+2HCl = FeCly+HyS
(b) 3Cap + 6KOH = 5KCI + KCIO3 + 3H20
()  6FeSO4+ K2Cro07 + 7H2SO4 = 3Fex(SOy)3 + Cra(SOas)3 + K2SO4 + 7TH20
(d)  Alx(SOs)3* 14H0 + 3Ca(HCO3), = 2AI(OH)3 + 3CaSO4 + 14H,0 + 6CO2

29 (8  4Fe(OH);+ 2H,0 + Oy = 4Fe(OH)3
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(b) 2KI + 2HNO7 + HoSO4 = 2NO + 12 + 2H20 + K2oSOy
(© 5H3C204 + 2KMnOg4 + 3H2§O4 = 10CO2 + 2MnSO4 + K2S0O4 + 8H20

(d  SO; +2Fe3* +Hy0 = SO, + 2Fe2+ +2H*

210 (@  3HCIO = HCIO3+ 2HCI
(b)  5NO, +2MnO, +6H* = 5NO3 + 2Mn2* + 3H20
()  6CI=+2NO; +8H* = 3Clp + 2NO + 4H,0
(d)  2l2+105 +6H* +10CI~ = 5ICl, +3H20

211 () - = 2 h+e
2 MnOz+2H*+e = 3 Mn2* + Hy0
_ 1 1 1
Im+5 MnO2+ 2H* = 3 I2+3 Mn2t + H0
or 217+ MnO2 +4H* = I+ Mn2+ + 2 Hy0
1 2- 5 1 2- 5
(b) g8 203 +g HO = 380, +3 H +e
ZCh+e = -
1 2- 1 5 1 2- _ 5
8 S203 +3 Cla+g HO = 3 SOy +CIm+3 H*
or S05 +4Clp+5H,0 = 2S0; +8CI-+10H*
© § NHy +3 HoO = §NO; +7 Ht+e
%02+H++<-r = %Hzo
g NHy +3 02 = § NOj +5 HO+3 H*
or NH, +20; = NOz +H0+2H*
1 _ 1 1 7
(d) 5 CH3COO™ +7 H2O = 7COx+5 Ht+e
§ 005 +iH ve = OB +{ H0
L CH3COoO™ +2 Cr05 +2 Hr= 2 cop+2 o3+ + 3 H,0
0r3 CHaCOO™ + 4 Cry05 +35H* = 6CO, + 8 Cr3* + 22 Hy0
1 1 _ 1 7o
(e) 22 CeH1206 +32 H20 = 7 CO2+g H" +e
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§ NOg +2 H* + e 15 Na +3 Hz0

1 1 — 1 1 1 7
24 CeH1206 +5 NO3 +35 H* 2 CO2+735 No+35 H20

or 5CgH1206 + 24 NO; + 24 H* 30 COy + 12 No + 42 Ho,0

212 (a) ZMn2*+H,0 = 3 MnOz+2H*+e
2 0p+H v = 2 HO
5 M2t +3 Op+3 HyO = 3 MnOg+H*
or 2Mn2t + 0+ 2Ho0 = 2MnOp+4H*
1 2- 5 1 2- 5
(b) g8 203 +g HXO = 780, +3 H +e
3late = I
1 2- 1 5 1 2- _ 5
g8 03 +3 I2+g HO = 7 SO, +17+7 H*
or S05 +41p+5H0 = 2S0; +81”+10H*
(© %NHZ +% H,O = %NOE +% H*+e
i Op+H*+e = 3 HO
6 NHy +3 0z = §NOg +5 Ho0+5 H*
or 2NH, +30, = 2NO, +2H0+4H*
1 1 1
(d) 24 CeH1206 +3 H20 = 3 CO2+H*"+e
§Cr0f +3Ht+e = 3 O3 +§ HaO
% Cet1206+3 Cro07 +5 HF = § COp+3 O3 +1; Hy0
or C6H1206+4CI’20§_ +32Ht = 6CO2+8Cr3 +22H,0
1 _ 1 1 7
(e g CH3COO™ +7 HxO = 7CO2+g Ht+e
550 +3H +e = FHS+3HO

COz+3 HaS+3 Hp0

Bl

L CHacOoO™ +% 05 +3 He
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of CHsCOO™+SO; +3H* = 2COp+HyS+2Hy0
2-
213 (3 oA = s
so; = S+4H,0
SO; +8H*+6e = S+4H0

§S0; +3 H' + &= §S+5HO

(b) NO; =  NO,
NO; NO, + H20
NO; +2H* +2e NO, + H0
1 - 1
2 NO, +35 H20O

5 NO; + H*+ e

©) 2 CH3CO0™

CH3CH>CH>COO™
2 CH3COO™

CH3CH>CH>COO™ + 2 HoO

2 CHaCOO +5H*+4e =  CHgCH2CH,CO0™ + 2 Hp0
2 CH3COO +2 H*+ & = 3 CH3CHCH2COO0™ +3 Ho0

214 (a) CO, = CHa
COo = CHg + 2H20
COz+4H*+4e = CHg+2Hp0
% COx+ H*+ e = % CH4+% H20
(b) S = H.S
S+2H*+2e =  HuS+H,0
%S+ H*+ e :% HoS
©) CH3CO0™ +CO, =  CHgCHCOO™
CH3COO +CO, =  CHaCHCOO™ + 2 Ho0
CH3COO0™ + COp+6H*+66 =  CH3CHaCOO™ + 2 Hy0
2 CH3COO +% COp+ H*+ & =& CH3CH2COO™ +3 Hy0
1 1
2.15 ZS+H* +e = 3 HoS

2-6
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Fe3t+e = Fet
5HS = 3S+H +e
Fe*+e = Fe2t
3 HoS+Fe¥ = 3 S+H*+Fe2r
or HoS+2Fe3* = S+2H++2Fet
2.16 2C0p+12H*+12€ = CHaCHoOH + 3 Hp0
or 2 COp+H*+& = 25 CH3CHoOH +3 Hy0

NO3 +2H*+2e

NO, +H20

or 5NO; +H* +e = 3 NO, +3 Ho0
1 1 - 1 +
L CH3CH,OH +3 HoO = = COp+H*+e
7 NO; +H*+e = 3 NO, +3 Hp0
1 1 - 1 1, -1
%5 CHaCH20H +3 NO; = 3 COp+3 NO, +% Ho0

217 H2SO4 + CaCO3 = H20 + CO2 + CaSO4
F.W.CaCO4 = 40+ 32+ 4(16) = 136

65
MolesHpSO4 reqd = 136 " 0.478

2.18 K2Cr207 + 6 KI + 7TH2SO04 = Crp(SO4)3 + 4K2S04 + 3l2 + 7TH20

FW. KoCroO7 = 2(39.1) + 2(52) + 7(16) = 294.2
FW. I = 2(126.9) = 253.8
253.
l> Formed = 3295:’28 x6 = 15.5¢
2.19 FW.COp = 12+32 = 44¢
120(1000
1201b COy = 422—2 = 54,600 g
54,600
Sy = 1,240 mol


https://ebookyab.ir/solution-manual-chemistry-for-environmental-engineering-and-science-sawyer-mccarty/

https://ebookyab.ir/solution-manual-chemistry-for-environmental-engineering-and-science-sawyer-mccarty/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

PV = nRT
1,240(0.082) (273 + 40 .
V = ( 1'5)5( ) = 21,220 liters
21,220
=283 - 10cu ft

2.20 PV = nRT

_pPv 510 _
N=RT = (008273 - 2235mal 02

Weight = 32(2.235) = 7159

221 CHg + 202 = CO2 + 2H20

25
MolesCHy4 = m = 1.56 mol

MolesOo regqd = 1.56(2) = 3.12 mal

PV = nRT
_ nRT  3.12(0.082)(273+25) :
V = 0 0.21 = 363 liters

222  CHsCH3z+3; Op = 2CO;+ 3H,0
6
@ CH3CH3 = 24+6) - 0.2 mol
HoO = 3(0.2) = 0.6 mol formed
(b) CO2 = 2(0.2) = 0.4 mol formed

(© PV =nRT

4(0.082)(273 + 2
V = 0.4(0.08 )1( 3+20) _ 9.6 liters CO»
223 PV =nRTFW.H)S=2+32=34
nRT 100
= = = -3
b= 2.94(10-3)(8.2)(10-2)(273 + 25)
- 1

2.94(8.2)(2.98)(10-3) = 0.072 am

2-8
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12
224 (8 CH4 (FW.=16) g

I
o
o1
3

oS

1
N2 (FW.=28) g = 00357 mol

1
COy» (FW. = 44) 4—2 = 0.341 mol
() PV = nRT
082)(273 + 2
p = N(0.08 )efo 3+29) _ ge15n

CHa P = 0.815(0.75) = 0.611 am
N2 P = 0.815(0.0357) = 0.029 atm
CO2 P = 0.815(0.0341) = 0.278 atm

(c) Total P = 0.611+ 0.029 + 0.278 = 0.918 atm

611
(d CHy = 0918 — 66.5 percent

0.029
No = 0918 - 3.2 percent

0.278
COy = 0918 - 30.3 percent

2.25 C = B pgas
= 2.0(0.3) = 0.6g/L
5 literscontain 0.6(5) = 3.0g9 CO»

226  po, = 0.21(0.81) = 0.17 am
C = Bpo, = 434(0.17) = Z4mg/L

2.27 FwW Moles Mole fraction

PCE CoCla  2(12) + 4(35.5) =166 105/166= 602 602/4291 = 0.140
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Benzene CeHs 6(12) +6 78 10°/78 =1282 1282/4291 = 0.299

Toluene C/Hg 7(12)+6 96 10596 = 1087 1087/4291 = 0.253

106 10°/106= 754 754/4291 = 0.176

Ethylbenzene CgHyg 8(12) +10
Xylene CgHio 8(12) +10 =106 105106= 566 566/4291 =0.132

2 =4291 ¥ =1.000

0.10(0.0251) = 0.002511 atm

228 (3 Pee
Cece = Prce/Kyy = 0.002511 atmy/(26.9 atm-L/mol) = 0.000093 M or 0.093 mM

(b)  Pece

0.10Ppce max, Solubility reduction = 100(1-0.1) = 90%

2.29 FW TCE

2(12) + 3(35.5) + 1 = 1315
0.0977/11.6 = 0.00842 M or 0.00842(131,500) = 1,107 mg/L

Cequit = Prce/KH

Xtce = 20/1,107 = 0.018

230 (@ H2CO3 = H*+HCO;4
010-X X X
X][X
[J()-_l(]j%}x_] = 445x 107
[X]2 O 4.45x 108 (since X << 0.10)
[X] = 211x104 = [HY]

o 2.11 x 104
% ionization = ~ 010 (100) = 0.211 percent

[X]2 O 4.45x 1010
[X] = 6.67x105 = [HY]

 6B7X105
%ionization = ~~g 5 (100) = 0.067 percent

231 HOCI = H* + OCI™
005-XX X

2-10
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X][X

[X]2 O 14.25x10-10
[X] = 3.78x105 = [HY]

-5
% ionization = % (100) = 0.076 percent
cdcl+
2.32 Cd2+ + CI~ = CcdCl+ et _
@ [caHcr] Y
CdCl* + CI™ = CdCl [Cacly) K
+ = ——— =
2 [CdCI*][CIT] 2
dCl, + CI™= CdCl, [Cac]
CdCl, + CI™= CdC ——— =K
2 3 [CACI5][CIT] 3
CdCl + CI= CdCly [Cdc )
+ = - = K
2 4 [cdcljc]
= 2+ 4
(b) CdCl, =Cd2*+4CI™ cd (2:' = King
[CdCly]
[Cu(NH3)2*]
2+ - 2+ Dhes ShL A
233 (3 Cu2* + NH3 Cu(NHg) ceinag = K
2+
2+ [CU(NH3)2 ]
2+ = =
Cu(NH3)4* + NH3 Cu(NH3), [Cu(NH3)2"][NH3] Ko
2+
Cu(NHg)
Cu(NHg)5 +NHz= Cu(NHz)3' [ S I Ka
[Cu(NH3)5 ][NH3]
2+
Cu(NHg)
Cu(NH3)a™ +NHz= Cu(NHz); [ I al Ka
[Cu(NH3)3 ][NH3]
2+
Cu(NHg)
Cu(NH3); +NHz = Cu(NHa)e [ e I Ks
[Cu(NH3); J[NH3]
2+
2+ [CU(NH3)4 ]
b Cu2* + 4 NH = Cu(NH ———== =
(b) u 3 U(NH3)4 [CW2[NHZ* Ba

2-11
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2.34

2.35

2.36

2.37

@
(b)

[Ba2+][SO; |

@
(b)

[CACI*] = K1 [Cd2*][CIT] = 100(108)(103) = 109

[CACl2] = K2 [CdCI*[CIT] = 4.0(10:9)(10-3) = 4.0(10-12)

[CACI3] = K3 [CdCI][CIT] = 0.63(4.0)(1012)(10-3) = 2.52(10-15)
[CACI;] = K4[CdCI3][CIT] = 0.20(2.52)(10-15)(10°3) = 5.04(10-19)

Cd2* is the most prevalent species @ 108 M, but CdCI™ is the
most prevalent complex @ 109 M.

[CACI*] = 100(108)(0.5) = 5.0(107) M

[CdCl;] = 4.0(5.0)(107)(0.5) = 106 M

[CdCI3] = 0.63(106)(05) = 3.15(1077) M
[CdCI; ] = 0.20(3.15)(107)(0.5) = 3.15(10:8) M

In this case, CdCl, isthe most prevalent species.

Creca = [Cd?*] +[CdCI*] +[CdCly] + [CdCl3] + [CdCI; ]
[CACI*] = Bq[CI][Cd?*] = 10%(05)[Cd?*] = 50[Cd?*]
[CdCly] = Bo[CHZCd2] = 1026(0.5)2[Cd?*] = 99.5[Cd?*]

[CdCl;] = BalCI|3[Cd?*]
[CACI; ] = Ba[CIT4Cd?*]

1024(0.5)3[Cd2*] = 31.4[Cd2*]
10L7(0.5)4Cd2*] = 3.13[Cd2+]

104 = [Cd2*](1+ 50 + 99.53 + 31.40 + 3.13) = 185.06[Cd2*]

[Cd2*] = 10-4/185.06 = 5.4x107M >> 107

No, concentration will not be below 107 M

[Cd?*] = 54 x107M
= 1x 10'1%
- 1x 10
[SOi ] = X10—4 = _1x106 mol/lL
96 x 1000 x 106 = 0.096 mg/L

2-12
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