CHEM 301
Assignment #2

Provide solutions to the following questions in a neat and well organized manner.
Reference data sources for any constants and state assumptions. if any.
Due date: Thursday, Oct 18", 2018

1. Hydrogen sulfide (H2S) is considerably more toxic to fish than either HS™ or ¥ If
hydrogen sulfide concentrations greater than 0.15 mg/L (as S) are harmful to fish health,
calculate the minimum safe pH, if the total sulfide concentration is determined to be 20
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2. Phosphoric acid is a triprotic acid (H3PO4) pKar =2.15, pKaz = 7.20 & pK,3 = 12.38.
What is the molar concentration of the PO,* ion if the total orthophosphate ([PO4* 1)
concentration is reported to be 10. mg/L of PO,> -P? at a pH of 9.50.
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3. A small pond in an area affected by a01d mine drainage is observed to have freshly
precipitated Fe(OH)s(s) at pH 4.

a) What is the chemical relationship between Fe(OH);, FeO(OH) and Fe,03?
b) An ORP measurement of 190 mV (versus an internal silver/silver chloride reference

electrode) was recorded. Is this consistent with the pe of air saturated surface water at
this pH in redox equilibrium with the atmosphere?

¢) Predict the dominant chemical speciation of carbon, sulfur and nitrogen under these -
conditions. Justify your answer.

d) What additional information would be useful in choosing the appropnate pe-pH
(Pourbaix) dlaoram for copper, lead and zinc?

2&7&; el dy Zydra: -
art ¢4 heed %

o
_ ex bolia
Fe (ol), e, Iz o) 0H "W’&[ %‘J?

2 Felo)oy e feuls ’Z‘é’ﬁg? /k%
Jz [0»‘7/,) - Jren (1) %m/mx/wf@ ;ﬁ;&fo perles

/’(’0)0}{’ - Jron (11) “%Q/Vﬂué’ ﬁ:\{/‘&é@
;g 03 W/wa%[///)fa)ua@é
2

A) OR P uﬁteeﬁcwﬂgf yeéius /4 /,4?5/ %wfme,/
geedd fop Ao covrected % yn 0. ;/c?/u m;&
2 /}j /Aj&{ rs . Sﬁwx»@;@{gr dQ/Vo 3«%«/ @Zéaz‘ﬁlfd .
LC}, /% my 'f—a?;gra mv = 470 mV (vs SHE)

o/Jsemd Ag /{}? e/

OBV

| | y
gGi=oqnv | pe= 2HEL - .9

CHEM 301 Assign 2 2018



[sng  air sodturats 3@%7@4{@;,” 1l Cams alos

colenloite He pe g‘"‘ o ﬁ&ﬁwﬁwmmy

«465,49{33*}( 47 AM// f! i el T
O, + 4 4T e A RO L= /23

- pe® (L)l (L) p0 L
pe = pe _/«%e‘/)/D @)ng )
toioon P =40 59//3%; o.2)adm 2

)

;2’0'%”[%}4'& - %L[/‘i 9 .2/
= /6% -0, 17 = /6.0 '

c) ,//{5@ PEF 7 @fﬁﬁrmﬂ s ot pH=4 oni L.~ F-[ %

Corben —> COy.(a9) / HoC03104)
%f/}«%ﬁmv““**” MOF 9

7%7@4%’7’ concepAratis ;;g voed. utol

a0 M,/:/ LD %ﬁfgﬁ:ﬁé } % Qa0 & ‘;fa’f’eﬁ"é” :
A ' : - T
form i sstudle porecin ifalss (%‘ ey ol S )



4. A treated wastewater sample has been analyzed to contain the following species.
[HCN]r=2.0x 10°M "
[NH3]r=7.9%x 10*M ‘
Using the corresponding pK, values, sketch a plot of log Conc (M) vs pH for the relevant

chemical speciation (protonation states) between pH 4 and 10. Compare this with an
overlay plot constructed using Excel.
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pH Speciation for ammonium and hydrogen cyanide

pH [H¥]  Onugs Onms —_om e 100 s 10g Cuae 109 Cuis | Enter K, [Enter [HA}y
0.0 100 1.00E+00 560E-10 243E-10 925  -310 -12.35| 5.60E-10 | 7.90E-04
05 0.32 1.00E+00 1.77E-09 -769E-10 -875  -3.10 -11.85 -
10 010 1.00E+00 560E-09 243608  -825  -3.10 -11.35 L
15 0.03 1.00E+00 1.77E-08 -7.69E-09 775 310 -10.85 Overlay Plot of Log C vs pH 3..?:30:.:3 fon and
20 001 1.00E+00 560E08 -243E08  -7.25  -3.10 -10.35 Hydrogen cyanide
25 000 1.00E+00 1.77E-07 -769E-08 675 310 985
30 000 1.00E+00 560E-07 243E-07 625 310 835 20
35 000 100E+00 177E-06 -7.69E07 575  -3.10° 885
40 0.00 1.00E+00 560E-06 -243E-06  -525 310  -835 10g Cpypyae
45 0.00 1.00E+00 1.77E05 -769E-06 475 310  -7.85 ;
5.0 000 1.00E+00 560E-05 -243E-05 425  -310  -7.35
55 000 1.00E+00 177E-04 -769E05 375 310 685 4.0 g C e
6.0 0.00 9.99E-01 5.60E-04 -243E-04 -3.25 -3.10 6.35 HON
65 000 998E-01 177E-03 -7B8E-04 275  -310  -585 z
7.0 000 994E-01 557E-03 243603 225  -310 536 =
75 000 983E01 174E02 -762E-03  -1.76 3.1 486 Q
8.0 000 947E-01 530E02 -237E-02  -1.28 313 438 s
85 000 850E-01 150501 -7.08E02  -082 317  -392
9.0 000 641E-01 3.59E-01 -1.93E-01 044 330 355
95 000 361E-01 639E-01 -443E-01 019 354 330
10.0 000 1.52E-01 848E-01 | -820E-01 007 892 347
105 000 535E-02 947E-01 |-127E+00  0.02 437 313
11.0 000 1.75E-02 982E-01 |-1.76E+00  -0.01 486  -3.11
115 000 562E-03 9.94E-01 -2.25E+00 000 535 310
120 0.00 1.78E-03 998E-01 -2.75E+00 000 585 310
125 0.00 5B4E-04 999E-01 -325E+00 000 635 310
13.0 0.00 1.79E-04 1.00E+00 -3.75E+00 000 658 310 H
135 000 565E-05 1.00E+00 -4.25E+00 000 735 310 P
140 0.00 1.79E-05 1.00E+00 -4.75E+00 000 785  3.10
| oH [H  Guon  Oonw |08 %ow  og ooy 1og Cuen log Con [ Enter K, |Enter [HAL
0.0 100 1.00E+00 620E-10 -289E-10  -9.21 470 -1391] 6.20E-10 2.00E-05
05 032 1.00E+00 196E-09 -851E-10 871 470  -1341
10 010 1.00E+00 620E-09 -269E-09  -8.21 470 1291
15 0.03 1.00E+00 1.96E-08 -B51E-08  -7.71 470 1241
20 0.01 1.00E+00 620E-08 -2.69E-08  -7.21 470 1191
25 0.00 1.00E+00 1.96E-07 -851E08 671 470 1141
3.0 000 1.00E+00 620E-07 269E-07 621 470 1091
35 0.00 1.00E+00 196E-06 -851E07 571 470 1041
40 0.00 1.00E+00 B20E-06 -269E-06  -5.21 470 991
45 0.00 1.00E+00 196E-05 -851E06 471 470 941
50 0.00 1.00E+00 620E-05 -289E05  -4.21 470  -891
55 0.00 1.00E+00 1.96E-04 -851E05  -3.71 470 841
6.0 0.00 999E-D1 620E-04 -289E-04  -321 470 791
65 000 9.98E-01 196E-03 -851E04  -271 470 741
7.0 000 9.94E-01 6.16E-03 268E03  -2.21 470 691
75 0.00 O81E-01 192E-02 -843E-03 172  -471 6.42
8.0 0.00 G42E-01 584E-02 261E02  -1.23 473 593
85 0.00 836E-01 164E01 -7.78E02  -079  -478  -548
9.0 0.00 6.17E-01 3.83E-01 -2.10E-01 042 491 -5.12
95 000 3.38E-01 662E-01 -4.71E-01 018 617 488
10.0 0.00 1.39E-01 861E-01 -8.57E-01 006 656 476
106 0.00 485E-02 951E-01 -1.31E+00 002  -6.01 472
11.0 0.00 1.59E-02 9.84E-01 -1.80E+00  -0.01 50 471
115 0.00 507E-03 9.95E-01 -2.29E+00 000 699 470
12.0 0.00 1.61E-03 9.98E-01 -2.79E+00 000 749 470
125 000 5.10E-04 9.99E-01 -329E+00 000 789 470
13.0 000 1.61E-04 1.00E+00 -3.79E+00 000 849 470
135 0.00 5.10E-05 1.00E+00 -4.29E+00 000 899  -470
14.0 0.00 161E-05 1.00E+00 -4.79E+00 000 949  -470




S. A speciation diagram for thallium (III) as a function of pH and chloride concentration
is attached. Estimate the value of the formation constants (B1 = B4) and the acidity
constants (Ka1-Kas). Justify your answers. ’ :
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6. Determine the concentration of cadmium ion in equilibrium with cadmium carbonate

in a water sample-buffered at a pH of 8.10 with a total alkalinity of 32 mg/L as CaCOs.
The pKg, of CdCO; is 13.74,
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7. Lake Phillip is well mixed and has a volume of 10® m>. A single river flowing at 5 x
10° m® day™ feeds it. Water exits Lake Phillip via the Andrew River and evaporation is
negligible. For several years, a local industry has been dumping 40 kg day™” of a
pollutant DCTA into the lake. DCTA disappears from the lake via two processes: it
flows out of the lake in the Andrew River and it chemically degrades with a half-life of
48 days. What is the steady state concentration of DCTA in Lake Phillip?
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8. For each of the following, derive an equation of the line for the redox boundary in the
form of pe = m pH + b (See further Appendix B.4 and B.5 of the textbook).

a) COZ and {CH,O}

b) SO and H,S

c) HOCl and CI

d) MnOx(s) and Mn*" in a solution containing manganese (II) ion at an activity of 10~
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9. A water sample with a pH 6.0 was analyzed and found to contain 0.5 mmol/L nitrate

ion and 5 umol/L of ammonium ion. Calculate the pe of this water and predict the ratio of
[Cr,0.4] to [Cr® ™ in the same sample.
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