Addendum to Hebden: Chemistry 11

ANSWERS TO: SOLUBILITY
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solubility =559 9 x "Ml _ g 65x 102 M
L~ 8409

0.99¢ « 1mol
0.100L 278.2g

solubility = =36x102M

solubility = 1.26 x 107 mTO' x 8439

=0.106 g/L
1mol

mol _ 275.8¢g

solubility = 1.2 x 107+ 1% & x0.100L=3.3x10g (in 100 mL)
L 1mol

92.6¢g « 1mol
0.150L 100.0g

solubility = =617 M

9-012g

mass AgCIO, = 0.014 ™ x 0.0500 L x 1724
L 1mol

mass MnCly = 5.75 mTOI x 0.125 L x % =90.5¢g
o}

(a) 84.84 9g—54.87g=29.97¢

(b) 62.59g—-54.87g=7.72g

(c) Since "solution" = water + solid, then  water = solution — solid
mass of water =29.97g-7.729g=22.25¢g

(d) 7.72gKCl  _ X gKCl . and X=347g
22.25gwater  100.0 g water

7.72¢ « 1mol
0.02500L 74.69g

(e) solubility = =414 M

(a) 147.42 g —87.23 g = 60.19 g of solution
(b) 104.08 g —87.23 g = 16.85 g of (NH4)2SO04
(c) 60.19 g— 16.85 g = 43.34 g of water

16.859 (NH,),SO,  Xg(NH,),SO,

(d) = , and X=238.88g

43.34 g water 100.0 g water

16.85¢ 1mol

e) [(NH4)2S04] = X =1.82M
(®) [(NHa)25041 = 557601 * 1321
(a) low solubility  (c) low solubility  (e) low solubility  (g) soluble (i) soluble
(b) soluble (d) soluble (f) soluble (h) low solubility  (j) low solubility
(a) AgBr is a precipitate (c) Al(OH)3 is a precipitate (e) BaSOqy is a precipitate
(b) no precipitate (d) Pblz is a precipitate (f) no precipitate
(a) BaSOg4 has a very low solubility, so that the [Ba2+] is very low and hence there is little toxicity. (What can't

dissolve, can't poison you.)
(b) AgBr also has a very low solubility: a saturated solution at 18°C has a silver ion concentration of 69 parts

per billion (69 g per 100 L of water). Ag+ ion is toxic to micro—organisms at concentrations as low as 10
parts per billion, yet is harmless to humans at such low concentrations.

(a) Pb(NO3)2 and NaCl (b) AgNO3 and NaBr (c) Cr(NO3z)3 and Na2S (d) Sr(NO3)2 and NaxSO4
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a

b) CuBrg(aq) + Pb(NO3)2(aq) —> PbBra(s) + Cu(NO3)2(aq); PbBra(s) has a low solubility.

(a) MgS(aq) + Sr(OH)2(aq) —> Mg(OH)2(s) + SrS(aq); Mg(OH)2(s) has a low solubility.
(b)
(c) all products soluble
(d)
(e)

d) Ba(NO3)2(aq) + LioSO4(aq) —> BaSOg4(s) + 2 LiNO3(aq); BaSO4(s) has a low solubility.

e) 2 KzPOg4(aq) + 3 CuCla(aq) —> Cu3z(PO4)2(s) + 6 KCl(aq); Cusz(POg4)2(s) has a low solubility.

(f) 3 (NH4)2S03(aq) + Al2(SO4)3(aq) —> Al2(SO3)3(s) + 3 (NH4)2S04(aq);
Al2(S0O3)3(s) has a low solubility.

(g) 3 AgNOs(aq) + NagPO4s(aq) —> Ag3POa(s) + 3 NaNOs3(aq); Ag3POas(s) has a low solubility.
(h) all products soluble

(i) CoSOg4(aq) + LioCO3(aq) —> CoCOg3(s) + LiaSO4(aq); CoCO3(s) has a low solubility.

(i) 2 Fe(NO3)3(aq) + 3 MgS(aq) —> Fe2S3(s) + 3 Mg(NO3)2(aq); Fe2S3(s) has a low solubility.
(k) BeSO4(aq) + (NH4)2CO3(aq) —> BeCOz3(s) + (NH4)2S04(aq); BeCO3(s) has a low solubility.
() MgSOg4(aq) + Sr(OH)2(aq) —> Mg(OH)2(s) + SrSO4(s); both products have low solubility.

The salt must be soluble so as to obtain a sufficiently high concentration of the anion to be added.

+

(a) Ag', Ba®", Pb®" or Ca? (b) Sr**

You cannot differentiate between Ag+ and Pb>*. Any anion that will precipitate Ag+ will also precipitate Pb2+,

and vice versa. (However, other information such as colour of the precipitate can eventually lead to
differentiation.)

Analyze for solubility.

cr | S0 | s* | on | POT

Al — | — | ppt | ppt | ppt

+

Ag ppt ppt ppt ppt ppt

Precipitate the Ag+ with NaCl or Na2SO4. Then precipitate the AP with NazS, NaOH or Na3zPOy4 .

Analyze for solubility.

cr |s0f | sz | on | POY
Sr2+ — ppt — — ppt
ca® | — | ot | — | ppt | ppt
Ag" | ept | ppt | ppt | ppt | ppt

First precipitate the Ag+ by adding NaCl or NasS.
Then precipitate the ca®* by adding NaOH.
Finally, precipitate the sr?t by adding NaxSO4 or NazPOg4.
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20. Analyze for solubility.

cr | s0i | s> | on | POL
M® | — | — | — | ppt | ppt
Pb>* | ppt | ppt | ppt | ppt | ppt
zn**| — | — | ppt | ppt | ppt

First precipitate the Pb2* by adding Na2SO4 or NaCl.
Then precipitate the zn?* by adding NaxS.
Finally, precipitate the Mg2+ by adding NaOH or NazPO4.

21. Analyze for solubility.

cr | s0F | s* | on | POT

Fe>*| — | — | ppt | ppt | ppt

ca®*| — | et | — | ppt | ppt

+

Ag ppt ppt ppt ppt ppt

Be2+ — — — ppt ppt

First precipitate the Ag+ by adding NaCl.

Next, either precipitate ca® by adding NaxSQy4, followed by the addition of Na,S to precipitate Fe®" and
finally either NaOH or NazPOy4 to precipitate Be?".

or precipitate Fe** by adding NazS, followed by the addition of NaxSO4 to precipitate Ca®" and finally
either NaOH or Na3gPO4 to precipitate Be?*.

22. Step 1: Take 1 mL of the solution which might contain Ag+ and/or AI’*. Add a few drops of 1 M NaCl
solution.
If there is NO PRECIPITATE then Ag+ is absent. Proceed to Step 2.
If a PRECIPITATE FORMS then Ag+ is present. Filter off and discard the precipitate and
proceed to Step 2 to test the rest of the solution.
Step 2: To the solution from Step 1, add a few drops of 1 M NazgPQO4 solution.

If there is NO PRECIPITATE then AI3+ is absent.
If a PRECIPITATE FORMS then AI3+ is present.

23. Step 1: Take 1 mL of the solution which might contain Ag+, Ca®" and/or Sr**. Add a few drops of
1 M NacCl solution.
If there is NO PRECIPITATE then Ag+ is absent. Proceed to Step 2.

If a PRECIPITATE FORMS then Ag+ is present. Filter off and discard the precipitate and
proceed to Step 2 to test the rest of the solution.

Step 2: To the solution from Step 1, add a few drops of 1 M NaOH solution.
If there is NO PRECIPITATE then Ca’" is absent. Proceed to Step 3.

If a PRECIPITATE FORMS then Ca2* is present. Filter off and discard the precipitate and
proceed to Step 3 to test the rest of the solution.

Step 3: To the solution from Step 2, add a few drops of 1 M NazS0O4.
If there is NO PRECIPITATE then Sr** is absent.
If a PRECIPITATE FORMS then Sr%* is present.
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(a) Qualitative analysis
(b) Analyze for solubility.

+ 2+

Ag Ca

| ppt — —

SO, | ppt | ppt | —

OH | ppt ppt ppt

Add Mg(NO3)2 first to precipitate any OH™; any other cation would precipitate more than one anion. If a
precipitate occurs then OH is present, otherwise OH ™ is absent.

(c) After filtering off any precipitate, add Ca(NOa3)2. If a precipitate occurs then SOi‘ is present; if not, SOi‘
is absent. Filter off and discard any precipitate and add AgNOs. If a precipitate occurs then | is present;
if not, I is absent.

25. Analyze for solubility.

26.

27.

28.

29.

+ 2+ 2+

Ag Cu Ba 2

Sr

2—

S ppt ppt - -

OH | ppt ppt ppt —

el ept| — | — | —

o
CO; | ppt | ppt | ppt | ppt

Step 1: Add Sr(NO3)2 to the test solution. If a precipitate forms, CO%‘ is present. Filter off and discard any
precipitate and proceed to Step 2.

Step 2: Add Ba(NO3)2 to the test solution. If a precipitate forms, OH  is present. Filter off and discard any
precipitate and proceed to Step 3.

Step 3: Add Cu(NOa3)2 to the test solution. If a precipitate forms, s¥is present. Filter off and discard any
precipitate and proceed to Step 4.

Step 4: Add AgNOs3 to the test solution. If a precipitate forms, CI” is present.

1mol
23349
_0.0109 mol
©0.0250L

1Mol - 0.0141 mol; [Po?7= 22MIMOL - g 449

303.3¢g 0.1000L

(a) mass BaSO4 =3.75g—-1.21g=2.54 g; moles BaSO4 =2.54 g x =0.0109 mol

2+

(b) moles Ba2" in solution = moles BaSO4 precipitated ; [Ba =0435M

]

moles Pb>* = moles PbSO4 =4.28 g x

1mol Ag;PO, « 3mol Ag*

moles Ag® = 1.57 g AgaPO4 X
g 9 A4 X 1879 AgPO,  1mol AgsPO,

= 0.0112 mol

+ _ 0.0112mol

[Ag'] = =0.450 M
0.02500L

First, find the moles of |2 titrated with the Na>S203 :

0.0122 mol Na28203 1mol l,
X
L 2 mol Na28203

moles I = 3.61 x 10 L x =2.202 x 102 mol
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Next, use the combined reaction equation to find the moles of O3 in the original sample:

0.5 mol O2
1mol I2

moles Oy = 2.202 x 107> mol |5 x =1.101 x 10> mol

Finally, calculate the concentration of Og, in milligrams per litre, in the original sample:

1.101x107° mol 3209 1mg _ 2.35mg

concentration Oo = 3 .
150.0x107™° L 1mol 10~ ¢ L

First, find the moles of |2 titrated with the Na>S203 :

0.00948 mol Na28203 1mol I2
X
L 2 mol Na28203

moles I = 11.57 x 10 L x = 5.484 x 10 mol

Next, use the combined reaction equation to find the moles of O3 in the original sample:

0.5 mol O2
1mol I2

moles O, = 5.484 x 10> mol |5 x =2.742 x 10~ mol

Finally, calculate the concentration of Og, in milligrams per litre, in the original sample:

2.742 x 10~ mol 3209 1mg _ 2.92mg

concentration Oo = — .
300.0x107°L 1mol 10~ ¢ L

[H]=0.10 M, [OH ]=1.0x 10 "® M, pH = 1

When pH decreases, [H+] increases and [OH ] decreases.

Black coffee has a higher pH than stomach acid and therefore a higher [OH].
Dissolving CO2 in water increases the [H+] and lowers the pH below 7.

a
b

Increasing the pH by 2 units decreases the [H+] by 2 powers of 10, and [H+] is 100 times less.

Decreasing the pH by 4 units increases the [H+] by 4 powers of 10 and [H+] is 10,000 times more.
Decreasing the pH by 7 units increases the [H+] by 7 powers of 10, and [H+] is 10 times more.

—_ ~— — —

(
(
(
(

C
d) Increasing the pH by 3 units decreases the [H+] by 3 powers of 10, and [H+] is 1000 times less.
pH=5

Solution A has a neutral pH, solution B has a basic pH and solution C has an acidic pH. Solution B has the
highest pH and solution C has the lowest pH.

total moles HCI added = 25.0 x 10_3 L x 0.153 mol/L = 0.003825 mol
moles NaOH =12.4 x 10_3 L x 0.200 mol/L = 0.00248 mol = excess moles HCI

moles HCI reacted by NH3 = total moles HCI| added — excess moles HCI
=0.003825 mol — 0.00248 mol = 0.001345 mol = moles NH3 reacted

but: moles NO3 = moles NH3 = 0.001345 mol

0.001345 molNO5 y 62.0gNO;
1.25 gsample molNO3

percentage nitrate in sample = x 100 % = 6.67 %
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39. total moles HCIl added = 100.0 x 10_3 L x 0.2006 mol/L = 0.02006 mol
moles NaOH =28.4 x 10_3 L x 0.199 mol/L = 0.00565 mol = excess moles HCI

moles HCl reacted by NH3 = total moles HCI| added — excess moles HCI
=0.02006 mol — 0.00565 mol = 0.01441 mol = moles NH3 reacted

but: moles NO3 = moles NH3 = 0.01441 mol

0.01441molNO3 y 62.0gNO;
1.02 g sample molNO3

percentage nitrate in sample = x 100 % = 87.6 %

0.150x102 g . mol
L 62.09

41. 0.8 — ; ; ; e ; ; ; — ; :
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40. # of moles/L = =2.42x10°%m

Absorbance

04 i oo,

0 T T 1t 1 T T 1 1
0O 2 4 6 8 10 12 14 16 18 20
Concentration (mg/L)
According to the graph, the concentration of nitrate in the spectrophotometer sample is 9.0 mg/L.
Since the original water sample was diluted from 50.0 mL to 250.0 mL, then:
9.0mg « 250.0 mL (diluted) _

- — 45 mg/L
L (diluted)  50.0 mL (original)

Original concentration of nitrate =

1molNH,MgPO,, *6H,0 1mol P

42. mass of P =1.61 g NH4sMgPO4+6H20 x X
245.3gNH,MgPO,, * 6H20 1molNH,MgPO, * 6H20

X 31.0gP

=0.2035¢g
1mol P

mass P in product 100 % = 0.2035¢g
mass of sample 2.00g
This result is NOT within 1 % of the claim made by Brand X.

percentage P in sample = x 100 % =10.2 %

1mol NH,MgPO,, *6H,0
43. mass of P = 1.55 g NH4MgPO4+-6H20 x ZA Bl S 1mol P
245.3 gNH,MgPO,, *6H,0 ~ TmolNH,MgPO, + 6H,0
31.09P _ 1959 4
1mol P

mass P in product
mass of sample

_ 0.1959g

percentage P in sample = 00 % x 100 % =3.72 %
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44. 08 —

07 — ............ ............ ........... /
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Absorbance
0.3  —iemimnemnionien ST 700 WO BTN T S

oz Lol L
or A

0 02 04 06 08 1.0 1.2 14 1.6
Concentration (mg/L)

According to the graph, the concentration of phosphate in the spectrophotometer sample is 1.13 mg/L.
Since the original water sample was diluted from 25.0 mL to 100.0 mL, then:

1.13mg X 100.0 mL (diluted)

Original concentration of phosphate = - —
L (diluted)  25.0 mL (original)

=4.52 mg/L




