Contact me in order to access the whole complete document.
WhatsApp: https://wa.me/message/2H3BV2L5TTSUF1 Telegram: https://t.me/solutionmanual

2.1
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Chemistry for Environmental Engineering and Science, 5th Edition

CHAPTER 2 - PROBLEM SOLUTIONS

(@  MgCOs3

FW = 24.3+ 12+ 3(16) = 84.3g/mol
MgCOs3 + 2 H* = Mg2* + H,CO3

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

(b) NaNO3
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85 ,
EW =7 =85 g/equiv
() CO2
FW = 12+ 2(16) = 44 g/mol
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

(8 BaSOs
FW = 137.3+32.1+4(16) = 233.4 g/mol
BaSOy + 2 H* = Ba2* + HpSOy

2334 :
5 = 116.7 g/equiv

(b) NaCOs
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2.3

2.4

(©)

(d)

@

(b)

(©)

(d)

@

(b)

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

106 .
EW = > = 53 g/equiv

H>SOy4

FW = 2(1) + 32.1+ 4(16) = 98.1 g/mol
HaSO4 = 2H* +S0;

A
EW = % = 49.05 g/equiv

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
3+17 - 0.25 for NaOH

10 10
26+32+64 — 142 — Q0704 for NapSO4

10 10
78+104+7(16) ~ 204 - 2034 forKaCraQy

10 10
30+355 - 745 - 0.134 for KCI.

X
5 = 0.15M, X = 0.30mol KMnOy4

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

X .
5 = 0.15N, X = 0.30 equiv. KMnOy4

1274 :
W=—"H" = 63.7 g/equiv

0.30(63.7) = 19.11g
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2.5

2.6

2.7

2.8

2.9

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

Note: for HCO3, 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

@ 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;

(8  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

(@ 4Fe(OH)2 + 2H20 + Oo = 4Fe(OH)3
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211

(b)
(©)
(d)

@
(b)
(©)
(d)

(b)

(©

(d)

(€)

2KI1 + 2HNO2 + H2SO4 = 2NO + 12 + 2H20 + K2SOyg
SH%CZO4 + 2KMnO4 + 3H2§O4 = 10CO2 + 2MnSQO4 + K2S0O4 + 8H20

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

3HCIO = HCIO3 + 2HCI

5NO, +2MnO, + 6H* = 5NO; +2Mn2* + 3H,0
6Cl—+ 2NOg + 8H* = 3Clz + 2NO + 4H0

2l +105 +6H* +10CI~ = 5ICl, + 3H20

_ 1
I = 5 lx+te
2 MnOz+2H*+e = 3 Mn2* + Hy0
_ 1 1 1
I”+5 MnO2+2H* = 5 Io+5 Mn2* + H0

or 217+ MnOy + 4 H+ l> + Mn2* + 2 Ho,0

1 2- 5
2S04 +7 HY+e

Cl~

1 2- 5
g8 203 +3 H20

1
5 Clat+e

2- 2-
5505 +3 Cla+2 HoO = 5 SO; +Clm+2 H*

or S05 +4Clp+5H,0 = 2S0; +8CI-+10H*
§ NHy +3 HO = 5 NOz +3 H +e
%02+H++e— = %HzO
5NH; +3 02 = 5 NOg +5 H0+3 HY
or NH, +20; = NOz +H0+2H*

COp+§ Ht +e

Cr3* +5 Ha0

CH3COO™ +3 Hy0

2- 7
Crp0; +3 HY+e

ol ol
Wl B

COz +3 Cr3* +12 Hy0

Bl

§ CH3COO™ +3 Cry05 +55 H*

or3 CH3COO™ +4 Crzog- +35H* = 6CO,+8Cr3*+22H50

2_14 C6H1206+% H20 % COz+% H* +e
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@

(b)

(©)

(d)

(€)

1 - 6
5 NO3 +5 H* +e

1 3
10 N2 +35 H20

1 1 - 1
24 CeH1206 +5 NO3 +5 H*
or 5CgH1206 + 24 NO; + 24 H*
1
Mn2*+ + Hp0

2
1
7 O0+HY+e

1 1 7
72 CO2 +715 N2 +35 H2O

30CO2 + 12 N2 + 42 HO

 MnOz+2H*+e
5 H20

1 1 1
5 Mn2t+7 Op+5 HyO =

or 2Mn2t + 0o + 2H0

1,2 5
g 03 +3 H0

1
5 lp+e

MnOo + H*

|
NI

2MnOy + 4 H*

1 2- 5
250, +7 H +e

1 2- 1 5
g S203 +3 l2+3 H20

1 2- _ 5
ZSO4 + | +ZH+

or S05 +41p+5H0 = 2S0; +81”+10H*
§ NH; +3 HyO = § NO, +3 H+e
2 0p+H +e = 2 HO
ENH; +3 0y = § NO; +% HpO+3 H*

or 2NH, +30,

1 1
24 CeH1206 +7 H20

1 2- 7
5 Cro0; +3 HY+e

2NO, +2Hy0+4H*

%C02+H++c,r

1 7
3 Cr3t +5 H0

1 1 2- 4
27 CgH1206 +5 Cro0; +3 H*

or CgH1206 + 4 Crp05 +32 H*

2 CH3COO™ +3 Hp0

1 2 5
g8 SO4 +z HY+e

1 1 11
2 CO2+3 Cl’3++ﬁ H->0O

6 CO2 + 8 Cr3* + 22 H,0

1 7

72 COx+35 Ht+e
1

8

HoS + % H->0O

L CHacOoO™ +% 05 +3 He

2 COp+32 HpS+3 Hy0
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2.13

2.14

2.15

@

(b)

(©)

(b)

(©)

or CHaCOO +SO, +3H* = 2COp+HyS+2H0

8.8

SO, +8H*+6e =

S
S+4H0
S+4H0

§S0; +3 H' + &= §S+5HO

NO;
NO; +2H* +2e

1 - 1
3 NOg + H*+ e 5

2 CH3COO™
2 CH3COO™

2CH3COO +5H*+4 ¢

NO,

NO, + H0

NO, + H0

NO, +3 Hz0
CH3CH2CH2C00™
CH3CH2CH2CO0™ + 2 H20
CH3CH2CH2CO0™ + 2 H20

2 CH3COO +2 H*+ & = 5 CH3CHaCHoCOO™ +3 Hy0

COo = CHgy
COo = CHg + 2H20
CO2+4H*+4e = CHs+2H0
%C02+ H*+ e = %CH4+% H20
S = H2S
S+2H*+2e = HS+H0
% S+ HY+ e = % HoS
CH3COO +CO2 =  CH3CH2COO™

CH3COO™ +CO, =
CH3COO + CO2+6H*+6e =

¢ CHaCOO +5 COp+ H*+ & =

ol

1 1
1 + I
2S+H +te = 5

2-6

CH3CHoCOO™ + 2H20
CH3CH>COO™ + 2H20

CH3CH2COO™ + 5 H,0

H»S



2.16

217

2.18

2.19

Fe3t+e = Fet
5HS = 3S+H +e
Fe3t+e- = Fe2t
3 HoS+Fe¥ = 3 S+H*+Fe2r
or HoS+2Fe3* = S+2H++2Fe2*

2CO>+12Ht+12 ¢ CH3CH20OH + 3 H20

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

H>SO4 + CaCO3 = H20O + CO, + CaSOy
F.W.CaCO4 = 40+ 32+ 4(16) = 136

65
MolesHoSO4 reqd = 136 " 0.478

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 = 32955’28 x6 = 15.5¢
FW.COp = 12+32 = 44¢
120(1000
1201b COy = 422—2 = 54,600 g
54,600
Sy = 1,240 mol
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PV =nRT

1,240(0.082) (273 + 4
, O(OO?L-%( 3440 _ 1 20 liters

V =

21,220 a
=283 = 750 cuft

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
(a) 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
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12
224 (8 CH4 (FW.=16) g

I
o
o1
3

©}

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 )950 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

= 20(0.3) = 0.69d/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

2-9



2.28

2.29

2.30

231

Benzene CeHe 6(12) +6
Toluene C/Hg 7(12)+6
Ethylbenzene CgHyg 8(12) +10

78 10°/78 =1282 1282/4291 = 0.299

96 10596 = 1087 1087/4291 = 0.253
106 10°/106= 754 754/4291 = 0.176

Xylene CgHip 8(12) +10 =106 10°106= 566 566/4291 =0.132

@

(b)

FW TCE
Cequit = Prce/KH
XTCE = 20/1,107

@

(b)

2 =4291 ¥ =1.000

0.10(0.0251) = 0.002511 atm

I:)PCE

Cece = Ppee/Ky = 0.002511 atm/(26.9 atm-L/mol) = 0.000093 M or 0.093 mM

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

I:)PCE

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

0.018

Hy CO3 = H* + HCO,
010-X X X
X][X
[J()-_l(]j%}x_] = 4.45x 1077
[X]2 O 4.45x 108 (since X << 0.10)
[X] = 211x104 = [HY]

o 2.11 x 104
% ionization = —0.)10 (100) = 0.211 percent
XX 7
[001—X] = 4.45x 10

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

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

HOCI = H* + OCI™

005-XX X
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2.32

2.33

(@

(b)

(@

(b)

X][X
ﬁ)—o]'sg)}(] =2.85x108

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

3.78x10°

% ionization = ——5 55— (100) = 0.076 percent
cdcl+
Cd2+ + CI~ = CcdCl+ et _
[ca[cr]
CdCl* + CI~ = cdCl _ledCl
-2 [cdc[c] 2
dCl, + Cl~= CdCl5 [CdCl
CdCl, + CI== CdC ——— =K
2 3 [CdClp[c] ~ C
CdCl + CI= CdCly _[odols) K
2T T [cdclcr] - Y
_ 2+ [Cl7
CdCl; =Cd2*+4CI™ cd ‘;" = King
[CdCly]
[Cu(NH3)2*]
Cu2* + NH3 = Cu(NH3)2* [Cl2][NHa] ~ K1
2+
2+ [Cu(NH3); ]
2+ _ -
Cu(NH3)4* + NH3 Cu(NH3), [Cu(NH3)2"][NH3] Ko
2+
Cu(NHg)
Cu(NH3)5 +NHz= Cu(NHz); [ S L Ks
[Cu(NH3)5 ][NH3]
2+
Cu(NHg)
Cu(NHg)5 +NHz= Cu(NHz);" [ - 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 ]
Cu2* + 4 NH = Cu(NH —— " =
u 3 U(NH3)4 [CW2[NHZ* Ba
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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*] = Ba[CI][Cd2*] = 102(0.5)[Cd2*] = 50[Cd2*]

[CACl;] = B[CH2[Cd2*] = 1026(0.5)2[Cd?*] = 99.5[Cd2*]
[CACl3] = B3[CII3[CA2H] = 1024(0.5)3[Cd2*] = 31.4[Cd2+]
[CdCl; | = B4[CI4Cd?*] = 10L7(05)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

[Cd2*] = 54 x107M

= 1x 10'1%
- 1x 10
[SOi 1 = X10—4 = _1x106 mol/lL
96 x 1000 x 106 = 0.096 mg/L
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