94 CHAPTER 4 SOLUTION STOICHIOMETRY

@ One mole of NaOH dissolved in 1.00 L of solution will produce 1.00 A NaOH. First, weigh
out 40.00 g of NaOH (1.000 mol). Next, add some water to a 1-L volumetric flask (an
instrument that is precise to 1.000 L). Dissolve the NaOH in the flask, add some more water,
miX, add more water, mix, etc. until water has been added to 1.000-L mark of the volumetric
flask. The result is 1.000 L of a 1.000 A NaOH solution. Because we know the volume to
four significant figures as well as the mass, the molarity will be known to four significant
figures. This is good practice, if you need a three-significant-figure molarity, your
measurements should be taken to four significant figures.

When you need to dilute a more concentrated solution with water to prepare a solution, again
make all measurements to four significant figures to ensure three significant figures in the
molarity. Here, we need to cut the molarity in half from 2.00 M to 1.00 M. We would start
with 1 mole of NaOH from the concentrated solution. This would be 500.0 mL of 2.00 A
NaOH. Add this to a 1-L volumetric flask with addition of more water and mixing until the
1.000-L mark is reached. The resulting solution would be 1.00 A.
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( 20.) The acid is a diprotic acid (H,A), meaning that it has two H” ions in the form

a base. The reaction .is HyA(aq) + 2 NaOH(aq) — 2 H,O(1) + Nz, Al aq), where
left over from the acid formula when the two protons (H' ions) are rezctzd.
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100 CHAPTER 4 SOLUTION STOICHIOMETRY

0.50 mol
@ 2 100 L soludon® = m°LH’g3‘ = 0.50 mol H:SO,

1L
0.50 mol H,SO4 * ——————— =2.8x [0L conc. H;SO, 0r 28 mL
18molH,S0,

Dilute 28 mL of concentrated H,SO; to 2 totzl volume of 1.00 L with water. The resulting
1.00 L of solution will be a 0.50 Af H,SO, solution.

b. We will need 0.50 mol HCL

0.50 mol] HCI = —]L— =42x107L=42mL
12 molHCI

Dilute 42 mL of concentrated HCl to 2 finzl volumz of 1.0O L.
c. We need 0.50 mol NiCl,.

1molINiCl,-6H,0 237.69g NiCl, «6H,0
molNiCl, molNiCl,; «6H,0

0.50 mol NiCl, =

=1188 gNiCl»6H.0=120 ¢

Dissolve 120 g NiCl;*6H,0 in water, and 2dd water until the totz] volume of the solution
is 1.00 L.

0.50 mol HNO,
R S e e P A

d 1.0OL
L

=0.50 mol HNO;

1L
0.50 mol HNO; x ———— =0.031L=31mL
s 6 molHNO, -

Dissolve 31 mL of concentrated reagent in water. Dilute to 2 totz] volume of 1.00 L.
e. We need 0.50 mol Na;COs.

10599 g Na,CO,

0.50 mol Na,CO; =
mol

=353 g Nz;CO;
Dissolve 53 g N2;CO; in water, dilute to 1.00 L.

=8.17 = 1072 mol (NH,).SO,

1 mol
37)  10.8 g (NH,():SO, x
O g (NHLS0 " 15 15e

. 817x10% mol  1000mL
Molarity = x
100.0 mL

=0.817 M (NH.):SO,
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CHAPTER4 SOLUTION STOICHIOMETRY 101

Moles of (NH,);SO; in final solution:

10.00 x 103 L x gmz_m =8.17 x 10~ mol

8.17x 107> mol . 1000mL
(10.00+50.00) mL L

Molarity of final solution =

=0.1 36 M (NH4)2804
(NH,);SO4(s) = 2 NH,"(aq) + SO,*"(aq); Mo =20.136)=0.272 M; Mp-=0.136 M

. _ totalmol HN

@ Molarity = L2AIMOIANO; -4 o1 volume = 0.05000 L +0.10000 L =0.15000 L
totalvolume

0.100molHNO; , oo 0.200molHNO;

Total mol HNO3= 0.05000 L x L

Total mol HNO; = 5.00 x 10~ mol +2.00 x 102 mol =2.50 x 10~ mol HNO;

2.50% 1072 molHNO;
0.15000L

Molarity = =0.167 M HNO;

As expected, the molarity of HNO; is between 0.100 M and 0.200 M.

3.0 molNa,CO;

L =0.21 mol Nazco:;

@ Mol Na;CO; = 0.0700 L x

Na,COs(s) — 2 Na'(aq) + CO;*(aq); mol Na" =2(0.21 mol) = 0.42 mol )

1.0 molNaHCO,
L

Mol NaHCO; = 0.0300 L * =0.030 mol NaHCOs

NaHCOL(s) — Na'(ag) + HCO;(aq); mol Na“ = 0.030 ol

_ totalmolNa® _ 0.42mol+0.030mol _ 0.45mol — 4.5 MNa'
Na®  totalvolume 0.0700L +0.0300L  0.1000L

; 1CoC
Mol CoCl, = 0.0500 L x 0250“‘E o€l _ 0.0125 mol

=0.00875 mol

. NiCl
Mol NiCl, = 0.0250 L x 0350'"2‘ T2

Both CoCl, and NiCl, are soluble chloride salts by the solubility rules. A 0.0125-mol
aqueous sample of CoCl, is actually 0.0125 mol Co?* and 2(0.0125 mol) = 0.0250 mol CI".
A 0.00875-mol aqueous sample of NiCl is actually 0.00875 mol Ni** and 2(0.00875) =
0.0175 mol CI". The total volume of solution that these ions are in is 0.0500 L + 0.0250L =
0.0750 L.
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102 CHAPTER 4 SOLUTION STOICHIOMETRY

0.0125molCo?* 0167 M: M. .. = 0-00875molNi®

5, S = 3 = =0.117M
Co 0.0750L Ni 0.0750L

M

M 00250m0ICl + 0.0175molCl = 0567 M

0.0750L

100mg _100x107g _ 2.00x 107 gsteroid
500.0 mL 500.0 mL mL

@ Stock solution =

1000mL  2.00 x 107 g steroid

=2.00 x 107 g steroid
mL

100.0 x 107 L stock x

This is diluted to a final volume of 100.0 mL.

2.00 x 107 g steroid . 1000mL I molsteroid
100.0 mL L 33643 gsteroid

@ Stock solution:

=5.94 x 107 M steroid

2+
1.584 g Mn?* x —MOIMAT 5 ¢e3 « 102 mol Mn?*
5494 g Mn**
-2 2+ o
Molarity = 2833 107 molMn®" /700 0_2 A;\
1.000L (s
Solution A:
) -2
50.00mL x — =y 2833x 107 mol 4o o 107 mol Mn?*
1000mL L
2 -3
Rolariiy= 1.442 x 107 mol 8 1000mL _ 1.442 x10° M
10000 mL IL
Solution B:
-3
IEHES 10(;(? L # Jagax lf mal . 1.442 10~ mol Mn?"
m
. 1.442 x 107 mol 5
Molarity = =5.768 x 107 A
] 0.2500L
Solution C:
-5
10.00 x 10° L x 108X 13 mol_ _ 5768 x 16~ mol Mn™
_7 i
Molarity = 2708 X107 Mol _, 1545 100

0.5000L
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