1. A gaseous substance is found to have the following percent composition:
37.48% C, 12.58% H, and the rest is O. When 1.074 g of this substance is
heated to a temperature of 71.6°C at 743.8 mmHg it occupies a volume of
969.0 mL. What is the molecular formula of the compound?

37.48 g Cx—"MLC 3 19055 mol C +3.12055 = 1.0000
12.0107 g C

12.58 g Hx— M1 _ 45 48090 mol H+3.12055 = 3.9996
1.00794 g H

(100.00 - 37.48 ~12.58) g Ox— "9 __

=3.12136 mol O +3.12055 =1.0003
15.9994 g O

The empirical formula is CH40, which has an empirical mass of 32.0419 g mol ™.
To find the molecular formula we need the molar mass.

MP =dRT

R _ (916%4W§L)(11)3LL)(62.364 L mmHg mol™ K™')(344.8 K) ~ 32.04 g mol”
[> 743.8 mmHg
molar mass _ 32.04 g mol™

~ empirical mass  32.0419 g mol™'

The molecular formula is CH,O.



2. Balance the following oxidation-reduction reactions.

a. 104 +1' =1 in base

8HO+2104 +141 - 81, +16 OH’

b. KoCr07 + CaHeOH — Cr** + HCH30, in H,S04
(provide complete chemical equation for this one)

40H" + 5 Cr,074 + 6 C;HOH - 10 Cr3* + 6 HC;H;0, + 29 H,0
40H2$O4 +5 KzCI’zO7 +6 C2H6OH -10 CF(HSO4)3 +6 HC2H3OZ +10 KHSO4 +29 Hzo

3 Acetone vapor (C3HgO) burns to produce carbon dioxide gas and water
vapor. What volume, in L, of carbon dioxide gas at STP can be produced
when 145.6 L of acetone vapor at 76.5°C and 1.036 atm reacts with 613.2 L
of oxygen gas at 86.9°C and 732.5 mmHg?

C3HsO + 4 0, — 3 CO, + 3 H,0

(145.6 L)(1.0_316 «':tm) x 3molCO,  22.414LC0, _353 5 (o
(0.082058 L atm mol™ K™')(349.7 K) 1 mol C;HO  1mol CO,
(613.2 L)(732.5 mmHg) «3molCO, 22414 L CO, _ 43,5 co,

(62.364 L mmHg mol™ K™')(360.1K) 4 mol0O,  1mol CO,

336.2 L CO; can be produced at STP.



4. Calculate the amount of energy, in J, released when 25.0 metric tons (1
metric ton = 1000 kg) of Aluminum metal reacts with excess ammonium
perchlorate according to the reaction

10Al(s) + 6NH4C[O4(S) i 3N2(g) + 4Al203(s) + 2AlCl3(S) + 12H20(g)

Substance AHe (kJ mol™)

NH.ClO4g, 295.3
;03 1675.7
AlCls 704.2
H.0, 241.818

AH= %" nAH; - > nAH;

products reactants
_ (3 mol sz 0.00 kJ +[4 mol Al203j -1675.7 kJ +(2 mol AlCl3] -704.2 kJ +(12 mol HZOj -241.818 kJ
mol rxn J{ mol N, mol rxn mol AL, 0, mol rxn mol AlCL, mol rxn mol H,0
a (10 mol Alj(0.00 kJ) . {6 mol NH4ClO4J -295.3 kJ
mol rxn mol Al mol rxn mol NH,ClO,

=-9241.2 kJ (mol rxn)”

10° kg y 10° g . 1molAl  tmolrxn -9241.2kJ 10° J
1mt 1kg 26.9898 g Al 10 mol Al mol rxn 1kJ

25.0 mt Al x =-8.56 x10" J




5. Hydrogen sulfide, H,S, is a poisonous gas with the odor of rotten eggs. The
reaction for the formation of H,S from the elements is

Hz(, + 1/8 Sg(rhombic) - HaS g,

Use Hess’ law to obtain the enthalpy change for this reaction from the
following enthalpy changes:

1/8 Ss(rhombic) + 0 ;) - S0, AH = 297 kJ

AH,,, = (~1)(-518 kJ) +(~242 kJ) + (=297 kJ) = -21kJ

6. When 15.3 g of sodium nitrate, NaNO;, was dissolved in water in a
calorimeter, the temperature fell from 25.00°C to 21.56°C. If the heat
capacity of the solution and the calorimeter is 1071 J/°C, what is the

enthalpy change when 1 mol of sodium nitrate dissolves in water? The
solution process is

NaNO3(S) i Na+(aq) + NO3-( AH = ?

aq);

G = CAT =(1071J/°C)(21.56°C - 25.00°C) = ~3684.24 J
Q. = —q., = 3684.24 )

_ q,, _ 3684.24J) _ 84.9947 g NaNO, _1 mol NaNO
AH = rxn_ — X 3« 3
Myavo,  15-3 g NaNO; 1 mol NaNO, 1 mol rxn

=2.05%10* J (mol rxn)”



7. A particular gas is found to have a root-mean-square speed, Urys, of 337.1 m
s at standard thermodynamic temperature.

a. What is the molar mass of the gas in g mol’"?

2

3RT 3RT _ 3(8.314 J mol™ K™)(298.2 K)
U = [l s M= = .
M U (337.1ms7)

3
= 6.5451772 x102 kg mol” x110—kgg = 65.45 g mol”

b. If 1.00 mol of this gas effuses in 15.67 min, how many minutes will it
require for 1.00 mol of Nitrogen dioxide to effuse in the same apparatus?
The rate of effusion is inversely proportional to the time and the molar mass of

the compound. Therefore, the time of effusion is directly proportional to
the molar mass.

t M M B
oo Doy o [Ty o [46:00558 MOL 45 7 i) Z 43 44 min,
oas M, A M, ° 65.45 g mol

Nitrogen dioxide will take 13.14 min to effuse in the same apparatus.




