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1. (4 points)

A sample of 0.1595 g of menthol (Molar mass = 156.3) was analyzed in a combustion
analyzer and yielded 0.449 g CO2 and 0.184 g of H20. What is menthol’s molecular
formula?

Plan: In combustion analysis, finding the amount (mol) of carbon and hydrogen is relatively simple because all of
the carbon present in the sample is found in the carbon of CO,, and all of the hydrogen present in the sample is
found in the hydrogen of H,O. Convert the mass of CO, to moles and use the ratio between CO, and C to find the
amount (mol) and mass of C present. Do the same to find the amount (mol) and mass of H from H,O. The
amount (mol) of oxygen are more difficult to find, because additional O, was added to cause the combustion
reaction. Subtracting the masses of C and H from the mass of the sample gives the mass of O. Convert the mass
of O to moles of O. Take the moles of C, H, and O and divide by the smallest value to convert to whole numbers
to get the empirical formula. Determine the empirical formula mass and compare it to the molar mass given in the
problem to see how the empirical and molecular formulas are related. Finally, determine the molecular formula.
Solution:

Amount (mol) of C = (0.449 g COZ]( 4:1:)1(1)1 C(?é J(l ! mloi‘g J: 0.010202 mol C
01 g CO, J{ 1 mol CO,

1201gC
1mol C

1 mol H,O Y 2molH
18.02 g H,O J{ 1 mol H,O

Mass (g) of C = (0.010202 mol c)[ J =0.122526gC

Amount (mol) of H= (0.184 ¢ Hzo)( J= 0.020422 mol H
1.008 ¢ H
1mol H

Mass (g) of O = Sample mass — (mass of C + mass of H)
—0.1595 g — (0.122526 g C + 0.020585 g H) = 0.016389 g O

1 mol O
1600 g O

Mass (g) of H= (0.020422 mol H)[ ] =0.020585 g H

Amount (mol) of O = (0.016389 g O)( J= 0.0010243 mol O
Prclimina.ry formula = Cy 10200H0.02042200 0010243
Converting to integer subscripts (dividing all by the smallest subscript):

C 010200 H 0.020422 Q00010043 — Cr0Ha00s

00010243 00010243 00010243

Empirical formula = C;;Hy,0
Empirical formula mass = 10(12.01 g/mol C) + 20(1.008 g/mol H) + 1(16.00 g/mol O) = 156.26 g/mol
The empirical formula mass is the same as the given molar mass so the empirical and molecular formulas are the
same. The molecular formula is C;yH,;0.
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2. (1 point)
Chromium oxide reacts with H2S according to the following equation:

Cr203(s) + Hz2S(g) = Cr2Ss3(s) + H20 (I) (please balance it)

To produce 421 g of Cr2S3(s) how many (a) moles and (b) grams of Cr203(s) are
required?

Plan: Convert mass of Cr,S; to amount (mol) by dividing by its molar mass. Use the mole ratio between Cr,S;
and Cr,0; from the balanced chemical equation to determine the amount (mol) of Cr,O; required. Multiply the
amount (mol) of Cr,0; by its molar mass to obtain the mass in grams.

Solution:

1 mol CryS;

a) Amount (mol) of C1,S; = (421 g C1,S, )| —MM=32—
) (mol) of CrS; = (421 g Cry 3{200.21gcl~283

J =2.102792 mol Cr,S;
1 mol Cr,04

Amount (mol) of Cr,03 = (2.102792 mol Cr,S;
- 1 mol CryS;

J =2.102792 mol= 2.10 mel Cr;0;

152.00 g Cr,O3 :
b) Mass (g) of Cry0s = (2.102792 mol C10; )| ———2—2-3 | =310.624 g=3.20x10" g Cr,0;
- - 1mol Cr,04

Combining all steps gives:
Mass (&) of CrsO; = (421 g CrS, 1 mol Cry5; 1mel C1,05 |[ 152.00 g CrO3
' - 20021 g CryS; J| 1 mol Cr,S, 1 mol Cry Oy
=319.624 g=3.20x10° g Cr,0;

3. (3 points)

Calculate the mass (g) of calcium nitrate in a milliliter of a solution prepared by diluting
64.0 mL of 0.745 mml/L calcium nitrate to a final volume of 0.100L

. .
d) ¢ = 0.745 mol/L v, =(64.0 mL)[llo ]LL] =0.0640L =2 7,=0.100 L
1
1 V1= C Vl
0.745 1/L)(0.0640 L
o= axVi_ (0745 mol /L) ) — 0.4768 mol/L
v, (0100 L)

The concentration in coneentration (mol/L) must now be converted to grams per millilitre.

0.4768 mol Ca(NO;), \( 102 L ) 164.10 g Ca(NO5),
L 1mL 1 mol Ca(NO;),

] =0.07824 g/mL= 0.0782 g Ca(NO3),/mL
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4. (2 points)

Balance the following redox equation in acidic conditions (use either the semi-equation
or the direct method. Whatever you feel more comfortable with):

MnOs + CI- = Mn? + Clz

2 x [5e + 8H" + MnOs > Mn?* + 4H20]

5 x [2CI > Cl2 + 2¢]

16H* + 2MnO4 + 10CI- > 2Mn?* + 5Cl+ 8H20
16H;0* + 2MnO, + 10CI' --> 2Mn," + 5Cl, +
24H,0
5. (3 points) The series of emission lines that result from excited hydrogen atoms
undergoing transitions from higher levels to the n = 3 level is called the "Paschen
series". Calculate the energy (in ]) of the first two lines of this series. E = -2.18x10-
18/n2 |

first = 2.18x10-18(1/42 - 1/3%2) = 1.06E-19
second = 2.18x10-18(1/52 - 1/32) = 1.55E-19

6. (1 point) Which element has the electron configuration [Ar]4s13d> in its ground
state ?

Cr

7. (1 point) Give the quantum numbers describing the two outermost electrons of
the ground state of carbon (n, [, m;my)

(2,1,1,+1/2) and (2,1,0,+1/2)
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8. (4 points) Write the Lewis structure of SClsand draw its structure and

geometry.
:Cl:
: —s..m\\{?:"
N
:Cl:

9. (5 points) Draw the 3D structure (bold, solid and broken lines) of CH2=C=CH
and specify the hybridization of each of the three C atoms.
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Data For Water

Density = 1.00 FmL (at 25°C)

s=2.13Jg' K" (solid)

s=4.184 1 g' K (liquid) AH°%g, = 6.02 kJ mol™
$s=2.01J g’ K* (gas) AH®,, = 40.7 kJ mol™

Constants and Conversion Factors

I mmHg =1 torr 760 mmHg =1 atm 1 atm = 101.325 kPa 1 atm = 1.013125 bar
lem’=1mL 1000 mL =1L 1000L=1m’

6.022x10% mol™*
1.30866x1072 J’ K™
96,485 Cmol’

8.31451 J’ K mol!
0.08206 atm'L-Kmol™
8.31451 m*Pa-K mol?
0.0831451 bar LK™ *mol™
6.62608x10™* Ts
2.99792458x10° m's

Avogadro’s Number
Boltzmann’s constant
Faraday’s constant
Gas constant

Planck’s constant

Speed of Light !

Sy =



Gas Laws
PV = nRT
RV _ BV,

L T
Pr=Pi+Py+Ps+ ...
P-MM

RT

d="_
1%

EK:Em

3RT

u’ms = Iy

‘M
Rate A _ |[MM,
Rate B MM

2
(P+%) (V-nb)=nRT

Equilibrium
Kp = Kc(RT™®

Acid/Base

pOH = -log[OH!

pH = -log[H']

pH + pOH = 14

K.x Ky, =Ky

pH = pKa+ log [A]/[HA]

pKal +pKr.'2
B = al T a2
P 2
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Thermochemistry

AU=q+W

Wiysem = -PAV = - AnRT

AH = AU + PAV

g = AU +PAV

q=msAT

AHp” = Y nAH¢(pdts) - > nAH (rxts)

The atom
E=hv
c=vh

E=-B/n’

Kinetics
[Al,.=[A],—kt
In[A];= In[A],— kt

V[A]:= 1/[A]o + kt
k = AetFRD

In(ko/ki) = (-Ea/R)(1/T; - 1/Ty)
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