King AbdulAziz University, Department of Chemistry
Second semester 1422-1423 Thursday 21/1/1423H

Chem 101, Genera exam Time: 1 hour
Name: Number: Section:
Q1 (8 points) Useful information:
T Speed of light, ¢ = 3.0x10% m/s
oints
Q2 (4 points) Planck’ s const., h = 6.626x10°3* J.s
Q3 (4 points) Avogadro’s No., Ny = 6.022x10% mol ™

Q4 (4 points)

Total (20 points)

Energy const. for H atom B = 2.179x108 J
Frequency const. for H atom B/h = 3.289x10™ s*
Mass of the electron, me = 9.11 x 10% kg
Gas constant, R=0.082 L atm K™ mol™* = 8.314 JK *mol ™
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1. (8 points)
Consider hydrazine, NoH,. (Show your work)

A What isits molecular weight in grams?

B What isits empirical (simple) formula?

C How many moles are there in 2.65 g of hydrazine?

D How many grams of hydrazine are there in 1.2x10*" molecules of hydrazine?
E How many hydrogen atoms are there in 1.769 mol of hydrazine?

F How many grams of hydrogen can be obtained from 100.0 g of hydrazine?
G How many neutrons are there in one molecule of hydrazine?

H What is the molar concentration of 0.02 g of N,H4in 439mL of solution?




2. (4 points)

(8) Consider the electronic transition from the principal quantum number n = 4 to n =1 in the hydrogen
atom. Is energy emitted or absorbed for this transition? What is the wavelength of the associated
photon?

(b) List the various subshells, and the number of orbitals in each subshell, for the shell with a principal
guantum number of 3.

Shell Subshélls Number of orbitals for each subshell




3. (4 points) In an experiment 489.6 g of BF; were reacted with 160.2 g of H,0, according to the following
reaction:
2BF; (aq)+3H,0(g) = B,0,(s)+ 6HF (9)

& What isthetheoretical yield of B,O3 in grams?

Theoretical yield =

b- How many moles of the excess reactant remain?

# moles of excess reactant =

c- If thereactionyield is 73%, what is the actual yield of B,O3 in grams?

Actual yield (B,03) =




4. (4 points)
a) Diagram the resonance forms of SCS; assigning the formal charge on each atom, the C atom is the central
atom.

b) Calculate the de Broglie wavelength of an electron traveling at 15% of the speed of light.




Consider hydrazine, N,H, (Show your work

a. What is its molecular weight in grams?
N2H4
Molecular weight = 14x2 + 4x1=32g/mol

b. What is its empirical (simple) formula¥¢

NH

_c.. How many moles are there in 2.65 g
of hydrazinef




d. How many grams of hydrazine are there
in 1.2 x10%7 molecules of hydrazine?

1 mol N,H, =6.02x102° molecules

X mol = 1.2 x10%’ molecules
27
x= 22107 5 0x10°mol
6.02x10

2.0 x10°x 32 =6.4 x10% g

e. How many hydrogen atoms are there
__in 1.2 x10%" molecules of hydrazine?

There are 4 H atoms in one N,H, molecule

1.2 x10%" molecules : 1.2 x1027 x4 =

4.8 x10%7 H atoms



f. How many grams of hydrogen can be
obtained from 100.0 g of hydrazine ¢

%oH = %x 100=12.5%

In 100 g of hydrazine:

12.5

welght of hydrogen=
9 yarog 100

«100=12.5g

g. How many neutrons are there in one
— molecule of hydrazine ¢

'H : zero neutrons
“N :14-7 =7 neutrons

In one molecule: 2x7 = 14 neutrons



h. What is the molar concentration
of 0.02 g of N,H, in 439mL of solution®

M =—
V

o 0.02g

= = 6.25x10*mol
32g/mol

~ 6.25x 10 mol
0.439L

M =1.42x10"°M




(2.a)Consider the electronic transition
From the principal quantum number
n =4 ton=1inthe hydrogen atom.

Is energy emitted or absorbed for this
transition? What is the wavelength of the
associated photon?

4
1 I
Energy is emitted

/
— 1y =3.289x10"s™ 1 1

12 42
\

J
=3.083x10"s™



v:£:>/1:£:
A 1%

3.00x10°m/ s

3083 <1055~ 2 /x0T m

=9.7x10® mx10°nm/m = 97 nm



(2.b)List the various subshells, and the
number of orbitals in each subshell,
for the shell with a principal quantum

number of 3.
Shell(n) | Subshell Notation | Orbitals(/m) | #orbitals
3 0 3s 0 1
1 3p -1,0, +1 3
2 3d -2,-1,0, +1, +2 5




3. In an experiment 489.6 g of BF; were
reacted with 160.2 g of H,O, according
to the following reaction:

2BF, (ag)+3H,0(g) = BO,(s)+6HF(Qg)

a. What is the theoretical yield of B,0O,

iIn grams? 480 6
#moles of BF; = P9 _ 7 2ol
689/ mol
160.2
#moles of H,O = J__g.9mol
18g/ mol

determinethelimiting reagent

— for BF;: 7_22 — 3.6

for H,O: 8—39 =2.97 (smaller ratio)

H,O is the limiting reagent



3 mol H,O = 1mal B,O,
8.9 mol H,O =xmol B,O,

~8.9mol H,0x1mol B,O,
3mol H,O

= 2.97mol B,O,

X

2.9/mol B,O, =
2.97mol x 70g/ mol = 208¢



b. How many moles of the excess reactant
remain?

2 mol BF; = 3 mol H,0O
x mol BF; = 8.9 mol H,0O

~8.9mol H,0x2mol BF,
3mol H.,O

=5.93mol BF,

X

— 7.2—-593=1.3 mol



c. If the reaction yield is 73%, what
Is the actual yield of B,O, in grams

% yield = A yied 49
theoretical yield
/3 _ Actual yield 8 ¢

100 208



Calculate the de Broglie’'s wavelength of
an electron traveling at 15% of the
speed of light.

6.626x10"* J.s

0.11x10 °*kg x 0.15x 3.00x10°m/ s



