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CHAPTER 1: SUPPLEMENTARY SOLUTIONS
MEASUREMENTS

(@) 2x 10127 () 37x107m  (e) 8.42x 10-10F
(b) 3.7x102m  (d) 4x 101K (f) 1.84 x 104 Pa

(a) 80 umol (b) I0GW (c) 400nL (d) 3cm (e) 180 THz (f) 5.37 TQ

800x10 12 Kk
43x107° K

= 1.9x10°

1 atm = 101325 N/m2 and 1 torr = 133.322 N/m?2
760 x 1 torr = 760 x 133.322 N/m2 = 101325 N/m2 = 1 atm

mass of solution = (250 mk) (1.00 g/-4mk) = 250 ¢g

13.7x107% ¢ 13.7x107% ¢
m= -—""— £ 106 = 0.0548 ppm b = ="~ 4109 = 54.8 ppb
pp 2504 pp pp 250¢ pp
-9
Nat] = 4107 ¢) 690, 109M = 6.70 nM
22.990 g/mol
-9
[CI] = (72x10" L) _ 4.85x109M = 4.85nM
35.453 g/mol
_5.00 ) /(79.101 (g)/mol)
Molarity = 0457 L = 0.138 M
100-mE-
(a) Mass of solution = 0.804 gI x L - 804%
0.950 g of ethanol 804 gefsolution f ethanol
Mass of ethanol = Ego] cane. L = 764 g%
764+
(b) ——— = 166M
46.07 2=

mol

(c) 100.0 mL of solution contains 95.0 g of ethanol and 5.0 g of water.

(95.0 g of ethanol) / (46.07 g/mol) = 2.06 mol of ethanol.

Molality = 2.06 mol of ethanol — 4o m

5.0x107kgof H,0

NiSO4-6H,0
(a) 10.0 g of 10.2 wt % solution contains 0.102 £ ]4 I 10.0 gselution
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S1-10.

S1-11.

S1-12.

S1-13.

S1-14.

= 1.02 g NiSO4-6Hy0 = 3.88 x 10-3 mol NiSO4 - 6H,0
. g Ni .
= (3.88 x 103 -molNi) x (58.6934 ]N') = 0.228 g N1

(b) There are 0.412 mol of NiSOg4 - 6HO = 108.3 g of NiSO4 - 6H,O per L of solution. From

the 10.2 wt %, we can say

108.3 e NiSO4-6H->O/L solution g solution g
= X 3 n 1 =
0.102 £ NiSO#6H20/g solution 00 10" Tsolution = density = 1065,
1 I
M conc * Veone = M dit Vil 12177 «V = 1007 x 0.100L = V'=826mL

Dilute 8.26 mL of 12.1 M HCI to 100.0 mL in a volumetric flask.

We will use 100 g =0.100 kg HyO. Weigh out 0.100 kg = 0.082 mol’kg = 0.008 2 mol =
1.00 g NaClOg4 and dissolve in 0.100 kg H,O.

(a) 40.0 wt % solution:
1 L = 1430 g of solution. 40.0% of this is 572 g CsCl = 3.40 mol
Molar concentration = 3.40 M
20.0 wt % solution: 1L = 1180 gsolution = 236 g CsCl = 1.40 M

(b) 40 wt % solution: 1 g of solution contains 0.400 g CsCl1 + 0.600 g H,O

lality = mol CsCl ~ (0.400g-)/(168.37g-/mol) 3 96m_ol
molality = 0,0 0.000 600 kg = 3907,
0.200 &) / (168.37 -g-/mol 1
20.0 wt % solution:  molality = ( %_2)06 300 kg_g_ mol) _ 1.48 %

(c) 40.0 wt % solution has a concentration of 3.40 M
Mcon*Veon = Mgit-Vai  (340M) V' = (0.100M ) (0.500L) = V=14.7mL
20.0 wt % solution has a concentration of 1.40 M = V=357 mL
It requires more than twice as much of the 20% solution because the 20% solution is less

dense than the 40% solution.

4.00 mmol Fe3* requires 3(4.00 mmol) = 12.0 mmol OH-. In the first reaction, one mol of urea
produces 2 mol of OH-. Therefore 12.0 mmol OH- is produced by 6.00 mmol urea.

The required mass of urea is (6.00 x 10-3 mol)(60.06 g/mol) = 0.360 g. The mass of 40.0 wt %
urea is (0.360 g urea)/(0.400 g urea/g solution) = 0.901 g solution. The volume of solution is
(0.901 g)/(1.111 g/mL)=0.811 mL.

There is no uncertainty in the constant, 27, so we divide both 4 and the uncertainty by 2
h =h/(2n) = 1.054 572 67 (£ 0.000 000 64) x 10-34] - s.



CHAPTER 2: SUPPLEMENTARY SOLUTIONS
TOOLS OF THE TRADE

0.001 2 g/mL)
 (9947g) (1 ~ 8.0 gL

~ 0.88 g/mL
' ° 02764 M
¢ at 35 0.0276 — 0.02752

82-2. 099403 g/mL ~ 0.99841 g/mL

S2-3. 14974 ¢g-9.974 g = 5.000 g.
Table 2-7 tells us that the true volume at 26°C is
(5.000 g)(1.004 3 mL/g) = 5.022 mL.
The true volume at 20°C is (5.000 g)(1.004 2 mL/g) = 5.021 mL.



CHAPTER 3: SUPPLEMENTARY SOLUTIONS
EXPERIMENTAL ERROR

S3-1. (a) 4 (b) 4 (c) 4

§3-2. (a) 5.125  (b) 5.124  (c) 5.124 (d) 0.1352 (e) 1.52  (f) 1.53

$3-3. (a) 12.01 (c) 14 (e) —17.66 (g) 2.79 x 10-5
(b) 10.9 (d) 143 (f) 5.97 x 103
S3-4. 95978
S3-5. (a) 3.4 + 02¢ =~/022+0.12 = 0.224
+2.6 £ 0.1

60 e =60=+02 (£3.7%)

L) 34502 34%5.88%
®) 36201 ~ 2.6=3.85%

%e = \/5.882+3.852 = 7.03% Answer: 1.30g +0.09; (£7.0%)

3.4(+0.2)x10™" _ 3.4(£5.88%)x10”"
2.6(x0.1)x10°  2.6(%3.85%)x10’

= 1.308 e

(c) =1.30,(£0.09,) x 107" (+7.,%)
8 2 0

(d) 3.4 (£0.2) — 2.6 (£0.1) = 0.8 £0.224 = 0.8 +28.0%
0.8 (= 28.0%) x 3.4 (+£5.88%) = 2.72 +28.6% Answer: 2.7+ 0.73 (£29%)

S3-6. C: 12.0107+0.0008 H: 1.00794 +0.00007

+6C:6(12.0107 + 0.000 8) 72.064 2 +0.004 8

+6H:6(1.007 94 + 0.000 07) = 6.047 64 + 0.000 42
CeHe: 78.111 8+ 7
Uncertainty = /0.004 82+ 0.000 432 = 0.004 8 Answer: 78.112 + 0.005
0.222 2 (+0.090%) g

S3-7. (a) Molarity =

214.0010 (£0.00042%) & % 0.05000 (£0.10%) L
mo

Ye = \/0.0902 +0.000422 +0.102 = 0.135%
molarity = 0.020 76¢ + 0.000 023 M

(b) The uncertainty in the analysis is ~0.1%, so 0.1% uncertainty in reagent purity is
significant.
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S3-8.

S3-10.

1(0.2
(@) y = x12 = %e, = 5(2—4>< 100]2 2.94% Answer: 1.844+0.054 (£2.9%)

b) y = x> = %ey = 2@%“00): 11.76% Answer: 11.g% 1.4 (£12%)

©y=10r = ey = (1034)(2.3026) (0.2) = 1.16 x 103
Answer: 2.51 % 1.1 x 103 (£46%)

d)y = = ey = (34 (0.2) = 5.99 Answer: 30.9 = 6.9 (+20%)
2
() y = logx = ey = 0.43429@7) = 0.0255 Answer: 0.53] +£0.02¢ (+4.8%)
0.2
Hy=Inx = e = 34 — 00588 Answer: 1.224 4 0.059 (+4.8%)
R 2 2 2
k =% = %e. = %ep + %ey
o, 2 _ [100x0.000070 )2 (100 x0.000 0036 ) 2
= A)ek = +
8.314 472 6.022136 7

= %ex =0.000844% = ex = (0.00000844)(1.380658)=0.000012

B=10.811+0.007 H=1.00794+0.00007

108.110 £ 0.07
14.111 16 £ 0.000 98

+10B:  10(10.811 % 0.007)
+14H:  14(1.007 94 = 0.000 07)

B1oH143: 122.221 +£7?
Uncertainty = 1/0.072 + 0.000 982 = 0.07 Answer: 122.22 +0.07
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CHAPTER 4: SUPPLEMENTARY SOLUTIONS
STATISTICS AND SPREADSHEETS

(a) Mean =% (231017 ++--+2.31028) = 231011

2 1/2
(b) Standard deviation =c = (wj = 0.000 143

(c) Variance =c2 = 2.03 x 10-8

(a) z>0 = 50% (c) z=-3toz=+3 = 99.73%
(b) z=-1toz=+1 = 68.26% (d) z<-2 = 227%

() z=—-14toz=+0.6 = area=0.4192+0.2258 = 64.50%

(f) z=-1.76 toz=-0.18 = area=0.4606—-0.0714 = 38.92%

: 1.76 —1.70 B
Interpolations: (—1.80 — 170) (0.4641-0.4554) +0.4554 = 0.4606

0.18 —0.10
(0_20 _ 0._10) (0.0793 -0.0398) +0.0398 = 0.0714

- 476820 (- 84522209427 _ 1047 when x = 1 000.
94.2\/2p
x = 229947 g, s=0.00138 g, n="7 degrees of freedom

_ 2.365)(0.001 38
95% confidence: p = x =+ ( )£/_8 )

2.29947 £0.001 15

3.500)(0.001 38
99% confidence: p = x =+ ( )£/§ ) = 2.29947 +0.001 71

)_Cl = 147.8 , )_Cz = 157.2 , Spooled = 8.90,

157., —147. .
t= 28 $ 55 55 = 1.67 <2.306 (Student’s ¢ for 8 degrees of freedom)
0 +

The difference is not significant.

x=0.131y7, s =0.00293

|kn0wnvalue—)_c|\/— |0.137 -0.13117| \/—
= n = 6 = 4.87
0.00293

Icalculated g

For 5 degrees of freedom and 95% confidence, #;,p1e =2.571.

Because ?.,1cutated (4-87) > table (2.571), the difference is significant.
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S4-7.

S4-8.

S4-9.

For Method 1, we find X, = 0.027 5¢ and s5; = 0.000 4gg.
For Method 2, X, = 0.026 9¢ and s, = 0.000 4.
Fealculated = 0.000 4882/0.000 4062 = 1.44 < Fiaple

= 6.39 (for 4 degrees of freedom in both the numerator and denominator).

Standard deviations are not significantly different at 95% confidence level.

Because Falculated < Ftable, We can use Equations 4-8 and 4-9.

[P =D +s2 (a1
Spooled ~ ny+np—2

B \/0.000 4552 (5 — 1)+ 0.000 4962 (5 — 1)

5+5_2 = 0.000 449

B X1 — X2 nny 0.027 5¢ —0.026 9 5.5
lcalculated = Spooled ny+ny 0.000 449 5+5 2.3

Because #calculated (= 2-32) > tiable (= 2.306 for 8 degrees of freedom), the difference is

significant at the 95% confidence level.

Sample 1: X, =0.0134,, s; = 0.000 3937
Sample 2: x, =0.0139,, s5 = 0.000 3435

Fealculated = 0.000 39372/ 0.000 34352 = 1.314 < Fiable

= 6.39 (for 4 degrees of freedom in both the numerator and denominator).

Standard deviations are not significantly different at 95% confidence level.

Because Fialculated < Fiable, We can use Equations 4-8 and 4-9.

4s% + 4s%
Spooled ~ 5+5-2 ~ 0.000 3695
0.013960 —0.013 400 5-5
Icalculated = 0.000 3495 5+5

2.40 > 2.306 (Student's ¢ for 8 degrees of freedom) The difference is significant.

255 -238 4-5
t = 14 415 = 1.81 <2.365 (Student's ¢ for 7 degrees of freedom)

Difference is not significant.
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S4-10.

S4-11.

O = (0.217-0.195)/ (0.224 —0.195) = 0.76 > 0.56. Discard 0.195.

(a) average =15.01 standard deviation = 6.89
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The distribution does not look Gaussian at all.
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S4-12.

The formula mass of CuCO3 is 123.555 and Cu in this formula is 51.43 wt %. For the 1995

class data, the 95% confidence interval is

t 2.02)(2.7
1 (95%) =% i\/—‘% — 556+ L\/%—l — 55.6+0.8 = 54.8 t0 56.4 wt %

The 99% confidence interval is

_ s (2.70)(2.7)
%=X £~ = + = +1.1= 0

1 (99%) =x \/}—1 55.6 \/E 55,6+ 1.1 =54.5t056.7 wt %

Even the 99% confidence interval does not include the Cu content in CuCO3 (51.43 wt %).

From the 1996 class data, the 99% confidence interval is 54.3 to 57.5 wt %. From the

instructor's measurements, the 99% confidence interval is 55.2 to 56.4 wt %. The product

cannot be CuCO3. It cannot be a hydrate either, because CuCO3-xH»0O, would have an even

lower Cu content than 51.43%. The observed composition is closer to that of the minerals
azurite, Cuz(OH)2(CO3)2 (55.31 wt % Cu), or malachite, Cup(OH)2(CO3) (57.48 wt % Cu),
than it is to CuCO3.



