
Properties of Solutions 
Purpose of the Experiment: Observe the effects of adding a 

solute to a solvent such as endothermic and exothermic 
reactions. Investigate the colligative process of osmosis in 

isotonic, hypotonic, and hypertonic solutions. 

Background 

When two or more pure substances composed 

of molecules, atoms, or ions combine to form a 

homogenous mixture, it is called a solution. A 

solution contains two parts, a solvent and a solute. 

The solvent is the most abundant substance in the 

solution. The solute is the substance present in 

smaller amounts than the solvent. A solution can 

contain more than one solute but only one solvent. 

In a solution, the solute is dissolved in the solvent 

to form a homogenous mixture. 

An aqueous solution, in which water is the 

solvent, is formed by adding a certain amount of 

solute to a specific volume of water. Sometimes, a 

solute does not completely dissolve in a solvent. 

For example, when attempting to dissolve oil in 

water, they do not form a homogenous mixture, 

but instead separate into different layers. In this 

case, oil is said to be insoluble in water because it 

does not dissolve completely in the water. When 

liquid solutes like oil do not dissolve in liquid 

solvents like water, the substances are described as 

being immiscible. When table salt, NaCI, is mixed 

with water, it completely dissolves. The salt would 

be considered to be a soluble substance because it 

dissolved completely in the solvent. 

Even though salt is soluble in water, there 

is a limit to how much NaCI the water can 

dissolve. This limit is known as solubility. 

Solubility describes the maximum amount of 

solute that can be dissolved in a certain amount of 

solvent. Any salt added beyond that point will fall 

to the bottom of the container as a solid. For 

example, the solubility of NaCI in water is 36 g 

per 100 mL of water. A saltwater solution 

consisting of 36 g of salt and 100 mL of water 

would be considered to be saturated because it 

contains the maximum amount of solute in a 

specific amount of solvent. 

When an ionic compound dissolves in 

water, it breaks apart into its component cations 

and anions. This process is known as dissociation. 

The cation is completely surrounded by the water 

molecules with their oxygen atoms oriented 

toward the cation. The anion is completely 

surrounded by water molecules with their 

hydrogen atoms oriented toward the anion. Figure 

7.4 on page 209 of the textbook illustrates the 

dissociation of an ionic compound. 

During dissociation, ionic bonds and water

water interactions are broken while new water-ion 

bonds are being produced. Energy is required to 

break the ionic bonds of the salt as well as the 

water-water interactions that had been present 

prior to the salt being dissolved. Energy is released 

when new bonds are formed between the ions and 

the surrounding water molecules. The dissociation 

of an ionic compound can be endothermic or 

exothermic, depending on which process requires 

more energy. 

During an endothermic dissociation, more 

energy is absorbed to break the ionic bonds and 

water-water interactions than what is released 

when the new water-ion bonds are formed. The 

temperature of the water would decrease because 

the heat that is absorbed by the dissociation of the 

ionic compound is removed from the surrounding 

water. 

During an exothermic dissociation, more 

energy is released by the formation of the new 

water-ion bonds than what was required to break 

the existing ionic bonds and water-water 

interactions. The temperature of the water wi II 



increase because the heat that is released by the 

dissociation of the ionic compound is absorbed by 

the surrounding water. 

The amount of heat absorbed or released by 

the surrounding water (MIsurr) can be calculated 

using the following equation: 

f1Hsurr = m· sh· (T2-T1) 

where m is the mass 0 fwater, s his the specific 

heat of water, T2 is the final temperature of the 

water, and T. is the initial temperature of the 

water. Notice that this equation describes the 

change of heat in the surrounding water, not the 

change in heat of the dissociation. The change in 

heat of the dissociation (known as the heat of 

solution, f1HsoD is equal to the negative value of 

the heat of the surrounding water. 

f1Hsol = -f1Hsurr 

The heat released by the dissociation is absorbed 

by the surrounding water. The heat absorbed by 

the dissociation is released by the surrounding 

water. Exothermic and endothermic dissociation 

reactions can be described as follows: 

Exothermic: solute + solvent ______ solution + heat 

Endothermic: solute + solvent + heat ----...solution 

An exothermic reaction has a negative f1Hsol 

because the reaction is losing heat to the 

surroundings. An endothermic reaction has a 

positive f1Hsol because it is gaining heat from the 

surroundings. 

Solution concentrations can be recorded as 

percentages or molarity. Molarity is defined as the 

number of moles of solute dissolved in a one liter 

volume of solvent. There are different percent 

concentrations, including weight/weight percent, 

weight/volume percent, and volume/volume 

percent. Weight/weight percent (w/w) describes 

the number of grams of solute in 100 g of solution. 

For a 43% w/w saltwater solution, there are 43 g 

of solute (salt) for every 100 g of solution. If there 

were 500 g of solution, there would be 215 g of 

solute. Weight/volume percent (w/v) describes 

the mass of solute in 100 mL of solution. A 43% 

(w/v) saltwater solution would contain 43 g of salt 

for every 100 mL of solution. A 500 mL sample 

would contain 215 g of solute. Volume/volume 

percent (v/v) is a concentration that expresses the 

number of milliliters of solute contained in 100 

mL of solution. Typically, this concentration is 

used when both the solute and the solvent are 

liquids or gases. A 43% (v/v) solution of alcohol 

dissolved in water would contain 43 mL of alcohol 

in every 100 mL of solution. A 100 L sample 

would contain 43 L of alcohol. 

Some properties of solution differ from 

that of the solvent. These properties, called 

colligative properties, depend on the 

concentration of the solute in a solution, regardless 

of what the solute is. Thus, aqueous solutions of 

sodium chloride and sugar would have the same 

colligative properties. There are four colligative 

properties of aqueous solutions: vapor pressure 

lowering, boiling point elevation, freezing point 

depression, and osmotic pressure. 

The vapor pressure of a pure solvent, such as 

water, is the pressure exerted by vapor when it is 

in equilibrium with its liquid. If a solute was added 

to the solvent, the vapor pressure would be less 

than that of a pure solvent. 

Because the vapor pressure is lower, a 

solution must be heated to a higher temperature to 

boil. This is known as the colligative property 

boiling-point elevation. Boiling point elevation 

explains that a solution will have a higher boiling 

point than the pure solvent. This property explains 

why when a person cooks pasta, they add salt to 

the water. Adding a solute (salt) increases the 

boiling point of the water. When the water boils, it 

will boil at a higher temperature than 1000 C. 

Since the water is boiling at a higher temperature, 

this makes pasta noodles cook faster. 
Freezing points also differ between a pure 

solvent and a solution. A solution will have a 

lower freezing point than the pure solvent. This is 

referred to as freezing-point depression. 

Osmosis is the process of solvent movement 

through a semi-permeable membrane from an area 

of low solute concentration (dilute) to an area of 

high solute concentration (concentrated). The 



solvent moves in order to equalize the two areas of 

concentration. The semi-permeable membrane 

only allows very small molecules, such as water to 

pass through it. Larger solute particles cannot pass 

through. Therefore, if one side of the membrane 

has a higher concentration of solute than the other, 

the solvent, such as water will diffuse through the 

membrane to the side of higher concentration in 

order to dilute that side to the same concentration 

as the other. As solvent moves from one side to 

the other, the water levels change on each side. 

This causes pressure against the membrane that 

when high enough will balance the flow from 

either side of the membrane. This pressure is 

called osmotic pressure. 

Procedure 

Osmosis 

A. Obtain three 100 mL beakers. Label them as 
distilled water, 20% wlv NaCI, and 0.9% wlv 
NaCI. 

B. Add 25 mL of distilled water to the distilled 
water beaker. 

C. Refer to question 2 from the pre-lab questions 
for masses used in the following steps. 

D. Add the appropriate mass of NaCI to the 20% 
wlv NaCl beaker. Then, add 25 mL of distilled 
water. Stir to dissolve. 

E. Add the appropriate mass ofNaCI to the 0.9% 
wlv NaCl beaker. Then, add 25 mL of distilled 
water. Stir to dissolve. 

F. Obtain a potato borer. Use the borer to bore 
three cylinders from a raw potato. 

G. Using a wooden handled spatula, cut the three 
cylinders to the same length, around 30 mm. 

H. Measure the length of each potato cylinder to 
the nearest 0.1 mm. Record the length of each 
cylinder in column H of Data Sheet I. 

I. Label three weighing boats as 1,2, and 3. 

J. Find the mass of each cylinder using the 
labeled weighing boats. Record the mass of 
each cylinder in column J of Data Sheet I. 

Note: When describing the texture of a potato 
cylinder, use words such as hard, soft, flexible, 
stiff, etc. 

K. Describe the texture of each cylinder 1\1 

column K of Data Sheet I. 

L. Place potato cylinder 1 into the 20% w/v NaCI 
solution. Place potato cylinder 2 into the 0.9% 
w/v NaCI solution. Place cylinder 3 into the 
distilled water beaker. Record the time on line 
L of Data Sheet I. 

Allow the potato cylinders to soak in the respective 
solutions for 45 minutes while you proceed with 
the "Heat of Reaction" portion of the lab. 

Heat of Reaction 

M. Obtain two 250-mL beakers. Label them as 1 
and 2. Find the mass of each beaker and 
record the masses on line M of Data Sheet II. 

N. Fill each beaker with 100 mL of distilled 
water. Find the mass of the each water-filled 
beaker and record the masses on line N of 
Data Sheet II. 

O. Turn on the computer and plug in the LabPro 
hardware. Connect the temperature probe to 
the CHI port of the LabPro interface. Click on 
the 'Current Chern 101' link on the desktop. 

P. Measure the temperature of the water in 
beaker 1 using the temperature probe. Record 
the temperature on line P of Data Sheet II. 

Q. Obtain 10.0 g of NaOH. Add the NaOH to 
beaker 1. Carefully stir with the temperature 
probe to dissolve. 

R. Record the highest temperature observed on 
line R of Data Sheet II. 



S. Using the temperature probe, measure the 
temperature of the water in beaker 2. Record 
the temperature on line S of Data Sheet II. 

T. Obtain 15.0 g of NH4N03• Add the NH4N03 

to beaker 2. Carefully stir with the temperature 
probe to dissolve. 

U. Record the lowest temperature observed on 
line U of Data Sheet II. 

V. Discard solutions according to your laboratory 
instructor's directions. 

W. If 45 minutes have passed since the time 
recorded on line L, use forceps to remove 

cylinder 1 from the 20% w/v NaCI solution. 
Blot excess moisture off with a Kimwipe. Find 
the mass of the cylinder and record in column 
W of Data Sheet 1. 

X. Measure the length of cylinder 1 to the nearest 
0.5 mm. Record the length in column X of 
Data Sheet 1. 

Y. Describe the texture of cylinder 1 in column Y 
of Data Sheet 1. 

Z. Repeat steps W, X, and Y for cylinder 2 in the 
0.9% w/v NaCl solution. Repeat steps W, X, 
and Y for cylinder 3 in the distilled water. 



Name Date -------------------------------------- ----

Post-Lab Questions 

Show work for all calculations. 
1. Calculate weight/volume percents for: 

a. the NaOH solution you prepared in lab 

h. the ~N03 solution you prepared in lab 

2. Using your heat of solution values, find the 
heat of reaction for each solution. 

NaOH 

Classify each as endothermic or exothermic. 

NaOH 

3. What is the purpose of adding salt to icy roads 
and sidewalks in the winter? 

Why do you think cities use NaCI instead of 
NaOH to salt the streets? 

3. From your observations, classifY the three 
solutions used in the osmosis part of the lab as 
isotonic, hypertonic, or hypotonic. 

a. 20% NaCI 

h. 0.9% NaCI 

c. distilled water 

4. Now describe the movement of water through 
the semi-permeable membrane of the potato 
for each solution from the lab. 

a. 20% NaCI 

b. 0.9% NaCI 

c. distilled water 



Name Date ----------------------------------- --------

Data Sheet I 

H. I J. K. 
Original length of Original mass Original texture of cylinder 

Cylinder Solution cylinder (mm) of cylinder (g) 

I 
20%w/v 

NaCl 

2 
0.9% w/v 

NaCI 

3 
Distilled 

water 

L.Time: ________ _ 

! Cylinder 

W. X. Y. 
Final mass of Final length of Final texture of cylinder 

Solution cylinder (g) cylinder (mm) -

1 
20% w/v 

NaCl 

2 
0.9% w/v 

NaCI 

3 
Distilled 

water 



Name _________________ __ Date ----

Data Sheet II 

NaOH solution 

M. Mass of beaker 1 

N. Mass of beaker 1 + water 

Mass of water (N-M) 
beaker 1 

P. Initial temperature of water, 
beaker 1 

R. Final temperature of water, 
beaker I 

Change in temperature (R-P) 

Calculations 

----g 

---g 

---g 

°C ---

°C ---

°C ----

1. Calculate the heat using the mass of water, 
change in temperature and specific heat of this 
reaction. 

2. Calculate the number of moles of solute 
(NaOH) used from the mass of NaOH added 
to beaker 1. 

3. Calculate the heat of solution by dividing the 
heat of reaction by the number of moles solute 
(NaOH). 

M. Mass of beaker 2 

N. Mass of beaker 2 + water 

Mass of water (N-M) 
beaker 2 

S. Initial temperature of water, 
beaker 2 

U. Final temperature of water, 
beaker 2 

Change in temperature (U-S) 

Calculations 

----g 

---g 

----g 

°C ---

°C ---

1. Calculate the heat using the mass of water, 
change in temperature and specific heat of this 
reaction. 

2. Calculate the number of moles of solute 
(NH4N03) used from the mass of NH4N03 

added to beaker 2. 

3. Calculate the heat of solution by dividing the 
heat of reaction by the number of moles solute 
(NH~03). 



Name --------------------------------------

Pre-Lab Questions 

] . A solution is prepared by dissolving] 3.50 g of 
CuClz in 100.0 mL of distilled water. 

a. Identify the solute. 

b. Identify the solvent. 

c. Write a chemical equation describing the 
dissociation of CuCh in water. 

2. A student dissolved an ionic compound m 
water and felt the flask get very hot. 

a. Is this an endothermic or exothermic 
dissociation reaction? 

b. Is dHso1 positive or negative? 

c. Is dHsurr positive or negative? 

d. Is the surrounding water losing heat to the 
system or gaining heat from the system? 

3. In this lab, you will need two NaCl solutions, 
a 20% w/v solution and a 0.9% w/v solution. 
If you need 25 mL of each solution, how 
many grams of NaCI must be added to each? 
Show work for each answer. 

20% w/vNaCI 

0.9% w/v NaCI 

4. Explain why the cap must be replaced 
immediately after using the NaOH solution. 



Le Chatelier's Principle and Buffers 
Purpose of the Experiment: 

Make predictions based on the concepts ofLe Chatelier's 
principle and the Henderson-Hasselbalch equation. Observe 

changes in equilibrium as concentrations of reagents or 
products are changed. Monitor changes in pH upon addition 

of acid or base to water and buffer solutions. 

Background 

Le Chatelier's Principle 
Many reactions are reversible. A reversible 

reaction is one that can go in a forward and 
backward direction, meaning that sometimes the 
products of a reaction can react to form the 
reagents. Reversible reactions are written with a 
double arrow: 

H2(g) + h(g) ~ 2HI(g) 

If we mix hydrogen gas and iodine vapor in a 
flask at 200°C, only the forward reaction can 
occur because no product, HI, has been created 
yet. As the reaction continues, there will be 
decreasing amounts of hydrogen gas and iodine 
vapor, causing the rate of the forward reaction to 
decrease. As the product, HI, is produced, the 
reverse reaction will begin to occur, with 2HI 
being the reagents, and hydrogen gas and iodine 
vapor being the products. The rate of the reverse 
reaction will increase as the amount of HI present 
increases. The rate of the forward reaction will 
continue to decrease, and the rate of the reverse 
reaction will continue to increase until the two 
rates become equal. When this occurs, the reaction 
is said to be in a state of equilibrium. 

Do not confuse this concept of equal rates 
with equal concentrations. Although a reaction in 
equilibrium has forward reaction and reverse 
reaction rates that are eq ual, it does not mean that 
the concentrations of the products are equal to the 
concentrations of the reagents. A reaction at 
equilibrium could have very high concentrations 
of reagents, and low concentrations of products, 
yet still be at equilibrium. Once a reaction has 
reached equilibrium, the concentrations of the 
reagents and the products will not change, even 
though they may be different. If the concentration 
of a certain reagent at equilibrium is 0.4 M, it will 
remain at 0.4 M as long as the reaction remains at 
equilibrium. The reaction could stay at equilibrium 
for two seconds or two hundred years; but as long 
as it is at equilibrium, the concentration of that 
reagent will be 0.4 M. 

Chemical equilibria can be disturbed by 
outside forces, or stressors. If a stress is applied to 
a system already at equilibrium, the position of 
equilibrium will shift in a direction that will 
relieve the stress. This concept is known as Le 
Chatelier's principle. Changes in concentrations 
of reagents or products, changes in temperature, or 
changes in pressure are all examples of stresses 
that could disturb equilibria. In this lab, Le 
Chatelier's principle will be examined by 
changing the concentrations of the reagents or 
products. 

Part 3 of the Le Chatelier's Principle section 
involves the use of color changes to observe shifts 
in chemical equilibria. A colorimeter will be used 
to confirm the color changes. A colorimeter uses 
spectroscopy to measure the absorbance of 
solutions. When a solution is placed in the 
colorimeter, light passes through the solution, and 
strikes a detector. The detector measures how 
much light is absorbed by the solution. According 
to Beer's Law, 

A=k-C 

absorbance (A) has a direct relationship to 
concentration (C), meaning that the amount of 
light a solution absorbs is directly proportional to 
the amount of solute contained in the solution. 
Thus, changes in the concentrations of the reagents 
or the products can be monitored by measuring 
fluctuations in absorbance. 

Part 1: Equilibrium of a Saturated NaCI Solution 

A saturated saltwater solution has the equilibrium: 

NaCl(s) ~ Na+(aq) + CI-(aq) 

Adding additional chloride ions from HCl would 
disturb the equilibrium by increasing the 
concentration of a product. To relieve the stress, 
the position of equilibrium will shift to the left 
(toward reagents). Thus, an increase in solid NaCI 
should be observed. 



Part 2: Equilibrium of CO(H2Q}i+ and Cocll-

When dissolved in water, a cobalt (II) ion will 
bond to six water molecules to form the complex 
ion, Co(HzO)/+. The resulting solution has a pink 
color. Addition of chloride ions will cause the 
formation of the complex ion cobalt (II) chloride 
(CoCl/) The resulting solution will have a blue 
color. The equilibrium between cobalt (II) ion and 
cobalt (II) chloride ion is as follows: 

Co(H20)/'"(aq) + 4Cr(aq)~ CoClt(aq) + 6H20(l) 

Pink Blue 

Increasing the concentration of chloride ions (from 
HCI) will increase the concentration of a reagent, 
causing the position of equilibrium to shift. 
Whereas, increasing the amount of water will 
increase the concentration of a product, causing 
the equilibrium to shift to relieve the stress. A 
color change will indicate the shift in equilibrium. 

Part 3: Equilibrium of the Fe(SCNi+ Ion 

A solution of aqueous iron (III) ions, Fe3+, has a 
yellow color. When thiocyanate ions, SCN', are 
added tot he solution, iron ( III) thiocyanate ions, 
Fe(SCN)2+, will be formed; and the solution will 
become red in color. The equilibrium for this 
reaction is: 

Fe3+(aq) +SCN- (aq) ~ Fe(SCNi+(aq) 

Yellow Red 

The addition of Fe3+ ions or SCN- ions will 
increase the concentration of a reagent, causing the 
position of equilibrium to shift to relieve the 
stress. Removing Fe3+ ions or SCN- ions will 
decrease the concentration of a reagent, also 
causing the position of equilibrium to shift. The 
shifts will be obvious as the color of the reaction 
mixture changes, either becoming more yellow or 
deeper red. Note that adding OH- ions to the 
solution will form the insoluble salt, iron (III) 
hydroxide, Fe(OHMs), causing a decrease in the 
concentration of Fe3

+ ions in solution. 

Buffers 
The body's pH must remain fairly constant; a 

significant increase or decrease in pH can cause 
considerable damage to the body and possibly 
death. Buffer systems in the blood help to keep the 

body at a constant pH. A buffer is an aqueous 
solution that is able to resist pH changes when 
acids or bases are added to it. Common buffers 
contain equal amounts of a weak acid and its 
conjugate base. The acid can react with OR ions 
from bases; the conjugate base can react with 
H30+ ions from acids. Adding small quantities of 
acids or bases to a buffer will not have a large 
effect on the original pH of the buffer. 

The amount of acid or base a buffer can 
accommodate depends upon the buffer capacity_ 
A buffer can absorb only a certain amount of H30+ 
ions or OH- ions and still maintain a constant pH. 
Eventually, t he buffer capacity will be exceeded, 
and the buffer will stop working, Buffers will have 
different buffer capacities depending on the 
concentrations of acid and conjugate base initially 
present. 

The Henderson-Hasselbalch equation is 
used to find the pH of buffer solutions. The 
equation is: 

[A- ] 
pH = pKa + log [HAl 

[HA] refers to the concentration of the weak acid, 
such as HC2H30 2• [A'] refers to the concentration 
of the conjugate base, such as CZH30 2- from 
NaCzH30Z. The pKa is equal to the -log of the Ka. 
Ka and pKa values can be found in Table 9.9 on 
page 298 of your textbook. 

This 1 ab explores how buffer solutions differ 
from water when acids or bases are added by 
monitoring changes in pH. 

Parts 1 & 2: Addition of Acids and Bases 

A buffer system will be tested against water. 
Changes in the pH of the solution, due to the 
addition of HC} or NaOH, will be monitored using 
the pH probe. 

Part 3: Buffer Capacity 

A new buffer solution will be prepared, having 
more conjugate base C2H30 Z" than the original 
buffer. Changes in its pH due to the addition of 
HCI will be monitored to investigate the concept 
of buffer capacity. 



Procedure 

Le Chatelier's Principle 

Part 1: Equilibrium of a Saturated NaCI Solution 

A. Label two 4" test tubes IB and lC. 

B. Add 5 mL of the saturated sodium chloride 
(NaCI) solution to test tubes IB and lC. 
Describe the appearance of this solution on 
line B of Data Sheet I. 

Caution: HCl is corrosive and toxic. Prevent 
contact with your skin, clothing, and eyes. Do 
not ingest. 

C. Add several drops of 12 M hydrochloric acid 
(HCI) to the solution in test tube lC. Describe 
its appearance on line C of Data Sheet I. 

Part 2: Equilibrium ofCo(H2Q}l+ and Cocll 

D. Label two 4" test tubes 2E and 2F. 

E. Add 5 drops of the 1 M cobalt (II) chloride 
solution [CoCI2(aq)] to test tube 2E and 2F. 
Describe the appearance of the solution on line 
E of Data Sheet I. 

Caution: HCl is corrosive and toxic. Prevent 
contact with your skin, clothing, and eyes. Do 
not ingest. 

F. Add 12 M HCI dropwise to test tube 2F, 
tapping to mix after each drop, until the 
solution has an obvious change in color. 
Describe its appearance on line F of Data 
Sheet I. 

G. Add distilled water dropwise to test tube 2F, 
tapping to mix after each drop, until the 
solution has an obvious change in color. 
Describe its appearance on line G of Data 
Sheet I. 

Part 3: Equilibrium of the Fe(SCNi+ Ion 

H. Connect the colorimeter to the CHI port of the 
LabPro interface. Calibrate the colorimeter 
according to the calibration rules in the front 

of the manual. During the second part of the 
calibration, turn the wavelength knob to blue. 

I. Label four 4" test tubes, 3J, 3K, 3L, and 3M. 

J. Add 5 mL of the iron (III) thiocyanate solution 
[Fe(SCN)2+(aq)] to each of the four test 
tubes, 3J, 3K, 3L, and 3M. Describe the 
appearance of the solution on line J of Data 
Sheet I. Using the technique for data 
collection described in the calibration rules, 
find the absorbance of the solution, and record 
it on line J of Data Sheet I. 

K. Add 20 drops of 0.1 M iron (III) chloride 
solution [FeCb(aq)] to test tube 3K. Tap the 
test tube to mix. Describe its appearance and 
record its absorbance on line K of Data Sheet 
I. 

L. Add 20 drops of 0.1 M potassium thiocyanate 
solution [KSCN(aq)] to test tube 3L. Tap the 
test tube to mix. Describe its appearance and 
record its absorbance on line L of Data Sheet 
I. 

Caution: NaOH is corrosive and toxic. Prevent 
contact with your skin, clothing, and eyes. Do 
not ingest. 

M. Add 5 drops of 6 M NaOH, to test tube 3M. 
Tap the test tube to mix. Describe its 
appearance and record its absorbance on line 
M of Data Sheet I. 

Buffers 

A. Label four 100 mL beakers, 1, 2, 3, and 4. 

B. Add 50 mL of distilled water to beakers 1 and 
3. 

C. Add 50 mL of 1.0 M acetic acid (HC2H30 2) to 
beakers 2 and 4. Then completely dissolve 4.1 
g of sodium acetate (NaC2H30 2) in each 
solution. Label both beakers as Buffer 1. 



Part 1: Addition of Acid 

D. Connect the pH probe into the CH2 port of the 
LabPro interface. Calibrate the pH probe 
according to the calibration rules for the pH 
probe. 

E. Using the pH probe, find the pH of the 
distilled water in beaker 1. Record the pH on 
Data Sheet II. Leave the probe in the water. 

Caution: HCI is corrosive and toxic. Prevent 
contact with your skin, clothing, and eyes. Do 
not ingest. 

F. Obtain about 30 mL of 6 M HCl in a labeled 
50 mL beaker. 

G. Using a disposable pipette, add 1.5 mL of 6 M 
HCl to the water in beaker 1. Stir with the 
probe and record the new pH on Data Sheet II. 
Keep adding HCl in 1.5 mL increments until a 
total of 9 mL has been added. After each 
addition, record the pH on Data Sheet II. 

H. Measure the pH of Buffer I in beaker 2 using 
the pH probe. Record the pH on Data Sheet II. 
Leave the probe in the buffer. 

I. Using a disposable pipette, add 1.5 mL of 6 M 
HCI to Buffer 1 in beaker 2. Stir with the 
probe and record the new pH on Data Sheet n. 
Keep adding HCI in 1.5 mL increments until a 
total of 9 mL has been added. After each 
addition, record the pH on Data Sheet II. 

Part 2: Addition of Base 

J. Using the pH probe, find the pH of the 
distilled water in beaker 3. Record the pH on 
Data Sheet II. Leave the probe in the water. 

Caution: NaOH is corrosive and toxic. Prevent 
contact with your skin, clothing, and eyes. Do 
not ingest. 

K. Obtain about 30 mL of 6 M NaOH in a labeled 
50 mL beaker. 

L. Using a disposable pipette, add 1.5 mL of 6 M 
NaOH to the water in beaker 3. Stir with the 
probe and record the new pH on Data Sheet II. 
Keep adding NaOH in 1.5 mL increments 
until a total of 9 mL has been added. After 
each addition, record the pH on Data Sheet II. 

M. Find the pH of Buffer 1 in beaker 4 using the 
pH probe. Record the pH on Data Sheet If. 
Leave the probe in the buffer. 

N. Using a disposable pipette, add 1.5 mL of 6 M 
NaOH to Buffer 1 in beaker 4. Stir with the 
probe and record the new pH on Data Sheet II. 
Keep adding NaOH in 1.5 mL increments 
until a total of 9 mL has been added. After 
each addition, record the pH on Data Sheet II. 

Part 3: Buffer Capacity 

O. Obtain a 100 mL beaker. Label it Buffer 2. 
Add 50 mL of 1.0 M acetic acid (HC2H30 2). 

Then, completely dissolve 109 of sodium 
acetate (NaCzH30 2) in the solution. 

P. Using the pH probe, measure the pH of Buffer 
2. Record the pH on Data Sheet II. Leave the 
probe in the buffer. 

Caution: HCI is corrosive and toxic. Prevent 
contact with your skin, clothing, and eyes. Do 
not ingest. 

Q. Using a disposable pipette, add 1.5 mL of 6 M 
HCI to Buffer 2. Stir with the probe and 
record the new pH on Data Sheet II. Keep 
adding HCl in 1.5 mL increments until a total 
of 9 mL has been added. After each addition, 
record the pH on Data Sheet II. 



Name --------------------------------------

Post-Lab Questions 

1. Finish Table 1. Complete the "Observation" 
column using your observations recorded on 
Data Sheet I. For each observation, decide if it 
follows the prediction made. If so, record that 
your prediction was correct in the 
"Interpretation" column. If an observation 
does not follow the prediction, explain why 
your prediction was incorrect In the 
"Interpretation" column. 

2. Identify the connection between buffer action 
and Le Chatelier's principle. 

Buffer capacity is dependent on two factors; 
initial pH and component concentrations. The 
buffer capacity is greatest when its initial pH is 
equal to the pKa of the weak acid present in the 
buffer. Also, the greater the concentrations of the 
weak acid and its conjugate base, the higher the 
buffer capacity. 

3. The pH of Buffer 2 did not drop as drastically 
as Buffer I after the same volume of acid was 
added to each. Why? 

4. Explain why it is fortunate to the human body 
that blood has a good buffering system. What 
would happen if your blood did not contain a 
buffering system, but was similar to water? 



Name Date ----------------------------------- -------

Data Sheet I 

B NaCI solution 

C NaCl solution + HCI 

E CoCh solution 

F CoCh solution + HCI 

G CoC12 so1ution + HCI + H20 

J Fe(SCN?+ solution 

K Fe(SCN)2+ solution + FeCh 

L Fe(SCNi+ so1ution + KSCN 

M Fe(SCN)2+ solution + NaOH 



Data Sheet II 

Part 1 Initial pH + 1.5 mL + 3.0 mL +4.5 mL + 6.0 mL + 7.5 mL + 9.0 mL 
Hel Hel Hel Hel Hel Hel 

Beaker I: 
Water 

Beaker 2: 
Buffer 1 

Part 2 Initial pH + 1.5 mL + 3.0 mL +4.5 mL + 6.0 mL + 7.5 mL + 9.0 mL 
NaOH NaOH NaOH NaOH NaOH NaOH 

Beaker 3: 
Water 

Beaker 4: 
Buffer 1 

Part 3 Initial pH + 1.5 mL + 3.0 mL +4.5 mL + 6.0 mL + 7.5 mL + 9.0 mL 
Hel Hel Hel Hel Hel Hel 

Buffer 2 



Name Date -------------------------------------- ----

Pre-Lab Questions 

Equilibrium concentrations of reactants and 
products can be expressed as a constant, Keq• This 
constant is equal to the concentration of each 
product, raised to the power of its respective 
stoichiometric coefficient, divided by the 
concentration of each reactant, raised to the power 
of its respective stoichiometric coefficient. 
Concentrations at equilibrium can be predicted 
using the equilibrium constant. The equilibrium 
constant for the reaction 

H2(g) + Ilg) ~ 2HI (g) 

can be written as follows: 

1. The equilibrium constant for the reaction 

2NOCI(g) ~ 2NO(g) + Ch(g) 

is 9.9 X 10-2 M at 25°C. The equilibrium 
concentrations of NOCI and Ch are 5.2 M and 
0.51 M respectively. Calculate the equilibrium 
concentration of NO for this reaction at 25°C. 

Temperature changes affect the posltton of 
equilibrium. Increasing the temperature of a 
reaction is equivalent to adding heat. For an 
endothermic reaction, heat is a reactant; therefore, 
increasing the temperature would shift the position 
of equilibrium to the right. 

2. The following reaction is exothermic. 

H2(g) + I2(g) ~ 2HI(g) 

Is heat a product or a reactant? 

How would the position of equilibrium shift if 
the reaction was run at a lower temperature? 

3. Table 1 includes the reactions from the Le 
Chatelier's principle portion of this lab. 
Column one displays all the reactions and 
added stresses contained in today's lab. In 
column two, indicate if the position of 
equilibrium will shift to the left or right due to 
the added stress. In the example, the position 
of equilibrium is predicted to shift to the left 
because the concentration of one of the 
products, cr, will increase. 

In the "Prediction" column, predict what you 
should observe due to the added stress. As the 
example shows, an increase in the 
concentration of cr ions should shift the 
equilibrium to the left causing solid NaCl to 
precipitate. The clear, aqueous solution should 
become cloudy with obvious solid NaCl 
present. 

During the lab, record observations on Data 
Sheet I. Those observations will be used to fill 
in the remainder of Table 1 during post-lab. 

4. In this lab, you will prepare two buffer 
solutions. Buffer 1 will have 4.1 g of sodium 
acetate (NaC2H30 2) dissolved in 50 mL of 1.0 
M acetic acid (HC2H30 2). The pKa of acetic 
acid is 4.75. 

a. Predict the pH of this buffer system using 
the Henderson-Hasselbalch equation. 

b. Buffer 2 will have 109 of sodium acetate 
dissolved in 50 mL of 1.0 M acetic acid. 
Predict its pH. 



Table 1: Pulling It All Together 

1. NaCl(s) ~ Na\aq) + Cr(aq) 
---------------

Reaction Shift Left Prediction Observation Interpretation 
or Right 

NaCI solution + HCI Left As cr ion concentration increases, Solid appeared as HCl was My prediction was correct. 
NaCl will precipitate out of solution added dropwise 
and solid will appear 

2 2 2. - ,--~_-"v .... - - '" , - ~ , , 

Reaction Shift Left Prediction Observation Interpretation 
• 

or Right 
CoCh solution + HCI , 

: 
. 

CoCh solution + HC] + H2O 

3+ 2 3. - - ,-.. - -- - '\.~""L - - -- _.J ...... -.-..' 

Reaction Shift Left Prediction Observation Interpretati on 
or Right 

Fe(SCN)2+ solution + FeC]3 

Fe(SCN).L+ solution + KSCN 

1 

Fe(SCN)2+ solution + NaOH 



Structure of Organic Compounds: A Molecular 
Modeling Lab 

Purpose of the Experiment: 
Use 3-D organic models to investigate organic structures and 

structural isomers. Use models when writing formulas and 
naming organic compounds. 

Background 

Hydrocarbons are the simplest of all organic 
compounds because they contain only carbon and 
hydrogen atoms. Due to their unique structural 
features, hydrocarbons can be separated into 
several different classes, which are listed in Table 
1. Alkanes consist of carbon atoms bonded 
together by only single bonds. When the first 
carbon of an alkane chain is bonded to another 
carbon atom in the chain in such a way as to 
produce a ring of carbon atoms, a cycloalkane is 
formed. Alkenes contain at least one carbon
carbon double bond in the carbon chain; whereas, 
alkynes contain at least one carbon-carbon triple 
bond. Finally, aromatic compounds contain a 
benzene ring, which is a six carbon ring with three 
alternating double bonds. 

All hydrocarbons have the molecular formula 
CmHn, where m and n are the number of carbon 
and hydrogen atoms respectively. Although a 
molecular formula provides information about thc 
number and types of atoms present in a compound, 
it does not provide any structural information. 
Because the physical and chemical properties of 
an organic compound depend on the three
dimensional shape of the molecule, it is necessary 

Table 1, ClaSSes 01 HvdroQarbQns 

I I 
Alkane -C-C 

I I 

Alkene 
..... 

""" ..... C=C ...... 

Alleyne -C=:C-

to represent organic compounds using their 
structural formulas. 

An expanded structural formula shows all 
the atoms present in the compound and how they 
are connected together. Pentane is included in 
Table 2 as an example. The molecular formula of 
pentane is CsHI2; pentane contains five carbon 
atoms and twelve hydrogen atoms. The structural 
formula shows how these seventeen atoms are 
connected together, not just the number of each 
type of atom. In the case of pentane, there are five 
carbon atoms connected in one long chain with the 
hydrogen atoms attached along the perimeter. 
Each carbon atom has four covalent bonds, and 
each hydrogen atom has one. This will be true for 
all organic compounds. 

As molecules become larger, drawing their 
expanded structural formulas can become quite 
tedious. Instead of showing every atom and how 
they are connected, a condensed structural 
formula can be drawn, in which all the hydrogen 
atoms bonded to a carbon are condensed by 
writing a single H followed by a subscript to 
indicate the number attached to each carbon atom 
in the structural formula. 

CVcloillkane 0 0 

Aromaiic 0 © 



Table 2. Molecular and S1ruC'bJral Formulas 

Molecular FOlmula Expanded StruC'bHal Formula Condensed S1ructural Formula 

~ ~ ~ ~ ~ CHJ CH2CH2C H:;!CH3 
Pentane CSH12 H- C-C- C-C-C- H Or 

I I I I I 
H H H H H CHJCH:;!~CH3 

~ H-rH 
~ ~ fHJ 

Or 2.2-dime1h-yi CsHrz H- C- C- C-H CHJ ,CH3 C(CHil. 
propane 

Also shown in Table 2 is the structural 
fonnula of 2,2-dimethyl propane. Notice that 
pentane and 2,2-dimethyl propane have the same 
molecular fonnula, CSH12, but different structural 
fonnulas. These two molecules are called 
structural isomers. Structural isomers are 
compounds that have the same number and type of 
atoms but display different connectivity between 
atoms. There is a third isomer of CsH12 • Try to 
draw its condensed structural fonnula. 

Another fonn of isomerism can be found in 
cyclic alkanes. Cyclohexane has six carbon atoms 
connected in a single ring, with two hydrogen 
atoms attached to each carbon. The molecular 
fonnula of cyclohexane is C6H12 • Its structural 
fonnula is shown in the bottom left of Figure 1. 
Although the ring appears to be in the shape of a 
hexagon, it actually takes up a slightly different 
three-dimensional shape due to the tetrahedral 
electron geometry surrounding each carbon atom 
in the ring. This 'chair' fonn is shown on the 
right-hand side of Figure 1. 

R I 
fiC-H 

~ 

Cyclchexanl! 

0 
H 

H H 
H H 

H H 
Figure 1 

I 
H CH3 

If the carbon ring is positioned such that it 
looks like a lawn chair, you'll notice that there are 
two different types of hydrogen positions. The six 
hydrogen atoms that are oriented perpendicular to 
the ring are known as axial (A). The six hydrogen 
atoms which are oriented along the ring perimeter 
are known as equatorial (E). Notice t hat as you 
move clockwise around the ring, the axial 
hydrogen atoms alternate up, down, up, down, etc. 
The same is true for the equatorial hydrogen 
atoms. Thus, there are six hydrogen atoms which 
are oriented in the "up" position and six hydrogen 
atoms which are oriented in the "down" position. 

Now let's replace two hydrogen atoms on 
adjacent carbon atoms in the ring with two 
chlorine atoms to produce the halo alkane 1,2-
dichlorocyclohexane, shown in Figure 2. Once we 
replace one of the axial hydrogen atoms with a 
chlorine atom, we have a choice for the addition of 
the second chlorine atom. We can place the second 
chlorine atom in the equatorial position or the 
axial position. 

\=:- ~ 
A 

A 



'P ~ C~'O 
CI 

C( 

ci.1'-1;2· didllQIQ cvdohlxane 

'2 
CI c~o l::\ 

CI ffiif1&'-1,2·dichlorocvdo hexan e CI 

Placing the second chlorine atom in the 
equatorial position will put both chlorine atoms 
below the ring-on the same side of the ring. 
Placing the second chlorine atom in the axial 
position will put one chlorine atom below the ring 
and one chlorine atom above the ring~on 

opposite sides of the ring. Thus, there are two 
forms of 1,2-dichlorocyclohexane, each form 
having unique physical and chemical properties. 
These forms represent a new kind of isomerism, 
known as cis/trans isomerism. 

cis/tram.' isomerism occurs when two 
compounds have the same molecular formula and 
the same connectivity between atoms, but different 
arrangements of atoms in space. The structure 
which has both chlorine atoms oriented on the 
same side of the ring is known as the cis isomer. 
The structure which has one chlorine atom 
oriented above the ring and the other oriented 
below the ring is known as the trans isomer. The 
cis or trans label is added as a prefix to the name. 

When drawing the structural formulas of 
cis/trans isomers of cycloalkanes, draw the ring in 
the plane of the paper. Then use wedges to 
indicate bonds coming towards you (representing 
positions oriented above the ring) and dashes to 

Figure 2 

indicate bonds going away from you (representing 
positions oriented below the ring). 

Alkenes will also display cis/trans isomerism. 
In an alkane, groups attached to a carbon atom can 
be rotated around the carbon-carbon single bond. 
However, in an alkene, the carbon-carbon double 
bond confers rigidity upon the molecule, making it 
impossible for a group to be rotated around the 
carbon-carbon double bond. For an example, let's 
look at 2-butene in Figure 3. In the cis isomer of 
2-butene, the two carbon groups can be found on 
the same side of the double bond. Whereas, the 
trans isomer has the carbon groups on opposite 
sides of the double bond. c is-2-butene cannot be 
converted into trans-2-butene without breaking the 
double bond. 

In this laboratory, you will use molecular 
modeling kits to build several hydrocarbons. For 
each model, you will examine the structural 
features which define the class, as well as the 
three-dimensional shapes of the different structural 
isomers. In addition, you will practice naming and 
writing expanded and condensed structural 
formulas for the different organic compounds. 

tnm~2·butene 

Figure 3 



Procedure 

I. Molecular and Structural Formulas 

A. Draw the expanded and condensed structural 
formulas for butane and 2-methyl propane. 

B. What is the molecular formula of each 
compound? 

C. What are compounds called with the same 
molecular formula but different structural 
formulas? 

II. Alkanes 

A. Examine your molecular modeling kit. Each 
ball represents an atom. Each stick represents 
a bond between two atoms. Short sticks 
represent C-H bonds; long sticks represent 
C-C bonds. The springs should be used to 
make double or triple bonds. Use the 
following color scheme to represent the 
elements: 

Black 
Yellow 
Red 
Blue 
Other 
colors 

B. Use the model kit to build propane (C3Hs). 
What is the VSEPR electron geometry at each 
carbon? What is the H-C-H bond angle? 

C. Now, replace one of the hydrogen atoms on 
the first carbon atom with a chlorine atom. 
Name this haloalkane. 

D. Switch the chlorine atom that you just added 
with a hydrogen atom on the same carbon 
atom. Do you have a new compound or the 
same compound? (If you can rotate about a 
c-c bond to reproduce the original, you do 
not have a new compound. If you can flip the 
molecule over to reproduce the original, you 
do not have a new compound.) 

E. Build a second propane molecule using new 
balls and sticks. This time replace one of the 
hydrogen atoms on the second carbon atom 
with a chlorine atom. Name this haloalkane. 

F. Compare the two compounds from parts D and 
E. Are these two molecules the same 
compound, structural isomers, or neither? 

G. Take the second molecule (from part E) and 
move the chlorine atom from the second 
carbon atom to the third carbon atom. 
Compare the two molecules once again. Are 
they the same compound, structural isomers, 
or neither? 

III. Cycloalkanes 

A. Use the model kit to build a carbon chain six 
atoms long. Make it a cyclic structure by 
bonding the sixth carbon to the first carbon. 
Note any flexibility or rigidity in this ring. 

B. Manipulate the ring so that its structure looks 
like the chair conformation shown in the 
following diagram. 

Chair Conformation 

C. Keeping the ring in a chair conformation, add 
two hydrogen atoms to each carbon. Name 
this compound. 

D. Remove the hydrogen atoms from the 
equatorial positions on the ring, leaving the 
axial positions alone. Show this model to an 
instructor for confirmation. 

E. Replace two hydrogen atoms on adjacent 
carbon atoms oriented in the axial position 
with halogens. Have you made the cis or trans 
isomer? Draw the structural formula of this 
compound on the Data Sheet u sing the chair 
conformation. 

F. Now, move one of the axial halogens to the 
equatorial position. Have you made the cis or 
trans isomer? Draw the structural formula on 
the Data Sheet. 



IV. Alkenes and Alkynes 

A. Use the model kit to build ethene (C2H4). Use 
two springs to represent the double bond. 
What is the VSEPR electron geometry around 
each carbon? What is the H-C~H bond angle? 

B. Replace one hydrogen atom on each carbon 
with a bromine atom to make 1,2-dibromo 
ethene. Did you make the cis or the trans 
isomer? Build a second model using new balls 
and sticks to represent the other isomer. Show 
both models to an instructor. 

C. Draw the expanded structural formulas for 
both the cis and trans form of this molecule. 

D. Can you change the cis isomer into the trans 
isomer? What did you have to do? 

E. Use the model kit to build ethyne (CzHz). Use 
three springs to represent the triple bond. 
What is the VSEPR electron geometry at each 
carbon? What is the H-C-C bond angle? 

V. Benzene 

A. Use the model kit to build benzene (C6H6). 

Use two springs to represent each double 
bond. What is the VSEPR electron geometry 
at each carbon? What is the C-C-C bond 
angle? 

B. Show this model to an instructor for 
confirmation. 



Name ---------------------------------------

Post-Lab Questions 

1. There are nine structural isomers of C7H16• Five are shown below. Draw the condensed structural 

formulas for the four missing structural isomers of C7Hl6 and give the IUP AC name of each one. 

heptane 
CHJ I 

CH31[CHzC HzCH3 

CH3yHCH2CHlCHlC HJ 

CHJ 
2-methyl hl!>canl! THJTH

3 

CHJr - CHCHJ 
CH3 

CH3 I 
CHlyHCH CH:zCHJ 

CH3 
2.3-dimethyl pernane 

CH] 
2.2-dimethyt pentane 2,2 ,3·trim ethyl b uta ne 

2. Identify each of the following pairs as being either the same compound, structural isomers, or neither. 

and 

and 

and 

fHJ 

CHJCH;zCH;zCHCH:zCHJ 



Name Date ------------------------------- -----

Data Sheet I 

I. Molecular and Structural Formulas 

A. 

Name Expanded Structural Formula Condensed Structural Formula 

I 

butane 

-_. 

2-methyl propane 

B. The molecular formula of butane is ______________________________ _ 

The molecular formula of 2-methyl propane is _______________________ _ 

C. Butane and 2-methyl propane are ________________________________ _ 

II. Alkanes 

B. The VSEPR electron geometry at each carbon atom is ______________________ _ 

The H-C-H bond angle is __________ ' 

C. The IUPAC name of CH2CICHzCH3 is _______________ __ 

D. 

E. The IUPAC name ofCH3CHCICH3 is _________________ _ 

F. CH2CICH2CH3 and CH3CHCICH3 are ________________ _ 

G. CH2CICH2CH3 and CH3CH2CH2CI are _______________ _ 



III. Cycloalkancs 

C. The IUPAC name ofC6H12 is ___________________ _ 

D. Instructor's Initials --------

E. I have produced the ______ isomer. 

Structural Formula 

F. I havc produced the ______ isomer. 

Structural Formula 



Name Date ------------------------------------
IV. Alkenes and Alkyncs 

A. The VSEPR electron geometry at each carbon atom is ______________________ _ 

The H~G-H bond angle is ________________ _ 

B. Instructor's Initials ----------------

c. 
Name Expanded Structural Formula 

cis-l,2-dibromoethene 

trans-l,2-dibromoethene 

n. 

E. The VSEPR electron geometry at each carbon is _________________________ _ 

The H~C~C bond angle is ________ _ 

V. Benzene 

A. The VSEPR electron geometry at each carbon is _________________________ _ 

The c~c-c bond angle is _________ ' 

B. Instructor's Initials ____________ _ 



Name --------------------------------------
Pre-Lab Questions 

I. For each of the following molecules, indicate to which class of hydrocarbons it belongs (alkane, 

cycloalkane, alkene, alkyne, or aromatic). 

o 

Complete the following table: 

Molecular Formula Expanded Structural 
Formula 

H H H 
I I I 

H C C C~H 
I I I 
H H H 

C2H6 

rH:I rH:J 

CH:lCHCHzrCH:I 

CHJ 

Condensed Structural 
Formula 

CH3CH2CHCH3 

I 
CH3 

IUPAC Name 

2,3-dimethyl butane 



Alkenes 
Purpose of the Experiment: 

Classify certain common organic substances as alkenes using 
two different methods of determination. 

Background 

Alkenes are hydrocarbons with one or more 

carbon-carbon double bonds. Chemical formulas 

for alkenes with one carbon-carbon double bond 

have the general formula CnH2n, meaning that 

there are two hydrogen atoms for every carbon 

atom in the compound. An alkene with three 

carbon atoms would have the chemical formula 

C3H6 because it contains three carbon atoms (n = 

3) and six hydrogen atoms (2n = 6). 

IUPAC rules are used when naming alkenes. 

The method of naming alkenes is similar to 

naming alkanes; however, the presence of the 

double bond must be noted. 

Rules for Naming Alkenes 
1. Find the parent compound by locating the 

longest chain of carbon atoms that 
contains the c=c. 

2. Number the chain from the end that gives 
the lowest number possible to the C=C 
bond. 

3. Name the parent compound based on the 
alkane name, but change the suffix to -ene. 

4. Indicate the position of the C=C bond 
using the lowest number found in step 2. 

5. If there are substituents attached to the 
parent compound, include their name as a 
prefix. Be certain to include numbers for 
each attached group to indicate their 
positions on the parent compound. 

6. If there is more than one substituent, name 
the side groups in alphabetical order. 

7. Include the prefix cis- or trans- if needed. 

The following compound has the name 3-methyl

I-butene when named according to IUPAC rules. 

H3C - CH- CH= CH2 

I 

The parent compound contains four carbons 

(butane becomes butene due to the presence of the 

double bond). Numbering the chain from right to 

left gives the lower set of number to the double 

bond, between the I and 2 carbons. Using the 

lower of the two numbers, the parent compound is 

named I-butene. There is an attached methyl 

group on the number 3 carbon. When combined, 

the name is 3-methyl-I-butene. 

As rule 7 notes, some alkenes can be further 

classified as cis or trans isomers. The prefix cis 

describes an alkene where two of the same or 

similar groups are on the same side of the double 

bond. When the two groups are on opposite sides 

of the double bond it is referred to as trans. 

H Cl 

\C=CI 
/ '\ 

CI H 

trans cis 

Be careful when categorizing alkenes as cis or 

trans isomers. Not all alkenes exhibit cis-trans 

isomerism. In order to classify an alkene as a cis 

or trans isomer, it must have two different groups 

attached to each double-bonded carbon atom. In 

the case of the example above, the two different 

groups are chlorine atoms and hydrogen atoms. If 

there were only a single chlorine atom attached to 

the compound, it would no longer have cis-trans 
. . 
Isomensm. 

Typically, when alkenes undergo chemical 

reactions, the reaction occurs at the carbon-carbon 

double bond. During an addition reaction, a 

substance is added to an alkene across the double 

bond. During the reaction, the carbon-carbon 

double bond breaks, leaving behind a carbon-



carbon single bond. The product no longer has a 

double bond, making the product an alkane. 

Hydrogenation is an example of an addition 
reaction. In the reaction between 3-methyl-l
butene and hydrogen, H2 is added across the 
carbon-carbon double bond, producing an alkane. 

H H 

Hydrogenation 

In order for this process to occur in a reasonable 
amount of time, a catalyst such as platinum, 
nickel, or palladium must be present. 

Halogenation is another example of an 
addition reaction. In the reaction between 3-
methyl-I-butene and chlorine, eh is added across 
the carbon-carbon double bond, producing a 
haloalkane. 

CI CI 

I I 
CI-CI ............... H)C-C-C-CHl 

I I 
HJC H 

Halogenation 

When an strong acid, such as Hel, HBr, HI, 
adds to an alkene, the hydrogen atom bonds to one 
carbon atom of the double bond, and the halogen 
(el , B{, or I) will add to the other carbon atom. 
Unlike hydrogenation or halogenation, there are 
different groups adding to each carbon atom, and 
two different products are possible. However, only 
one of the two products will be produced in 
appreciable quantities. We can predict which 
product will be produced using Markovnikov's 
rule. This rule states that when adding a molecule 
that has the form H-X to an alkene, the hydrogen 
atom attaches to the carbon that is less substituted, 
or has more hydrogen atoms. In other words, the 
hydrogen atom will add to the carbon atom of the 

double bond which already has more hydrogen 
atoms attached. In short, the rich get richer. The 
halogen adds to the carbon atom which already has 
fewer hydrogen atoms. 

Less 
substituted, 
more H's 

H1C J CH) 

\c=/ + 
/ '\ 

H,C H 

H bonds to 
the less 

substituted C 

~I ~ I 
H - CI ----... IhC CH, 

Addition of Acid 
Markovnikov 's Rule 

H,C 

In this lab, certain organic compounds will be 
tested for the presence of a carbon-carbon double 
bond. A positive result indicates the presence of a 
double bond, making the compound an alkene. 
Two separate tests will be used to determine the 
compound's organic classification. First, bromine 
will be added to each of the compounds. Bromine 
has an orange-red color. If the original compound 
is an alkene, when the bromine is added an 
addition reaction will take place, using up the 
bromine. If this occurs, the mixture will change to 
colorless. If no reaction occurs, the orange-red 
color of the bromine will remain in the mixture 
indicating that the compound is not an alkene. 

During the second test, acetone and potassium 
permanganate (KMn04) will be added to the same 
organic compounds. KMn04 has a distinct purple 
color and acts a powerful oxidizing agent. During 
the reaction, the KMn04 oxidizes the alkene by 
add ing oxygen atoms across the carbon-carbon 
double bond, producing an alcohol. If the original 
compound does not have a double bond, no 
oxidation can occur. If the original compound is 
an alkene, oxidation will take place and the purple 
color of the permanganate will fade to a light 
brown color. Further, a brown precipitate may 
form in the test tube. If either of these changes 
occurs, the original compound is an alkene. 



Procedure 

A. Assign and label six test tubes as follows: 

Test Tube # 
1 
2 
3 
4 
5 
6 

Contents 
Ketchup 
Cyc10hexane 
Cyc10hexene 
Corn oil 
Mineral oil 
Turpentine 

B. Add 1-2 mL of each of the compounds from 
above in the appropriate test tube. 

C. Record the color of each sample in column C 
of Data Table 1 on Data Sheet I. 

Caution: Brz is a skin and respiratory irritant 
and may cause death if swallowed. 

D. Add 10 drops of aqueous bromine to each test 
tube. Shake gently to mix. 

E. Record the color of each sample in column E 
of Data Table I on Data Sheet I. 

F. A colorless solution denotes a positive test for 
the presence of a double bond in the original 
compound. In column F of Data Table 1, 
record whether the test was positive '+' 
(colorless) or negative '-'. 

G. Leaving the labels intact, clean the test tubes. 

H. Obtain one more test tube. Label it "Control." 

I. Add 1-2 mL of each of the compounds to the 
appropriate test tube. 

Caution: KMn04 is oxidant and irritant and can 
cause skin discoloration. 

J. In the Control tube, add 1 mL of acetone and 
10 drops of 0.13 M KMn04. 

K. Record the color of each sample in column K 
of Data Table 2 on Data Sheet I. 

L. Add 1 mL of acetone to each tube and slightly 
swirl. 

M. Add 10 drops of 0.13 M KMn04 to each tube 
and slightly swirl. 

N. Record the color of each sample in column N 
of Data Table 2 on Data Sheet I. 

O. The original compound contains a double 
bond if the purple color of the permanganate 
(refer to the control) fades and/or a very 
noticeable brown precipitate is formed in the 
bottom of the tube. If this occurs, denote the 
positive test with a '+' in column 0 of Data 
Table 2 on Data Sheet I. Denote the absence 
of a double bond with a '- '. 



Name --------------------------------------

Post-Lab Questions 

1. Why would a loss of solution color denote a 
positive test for alkenes given that the 
solutions were colored to begin with? 

2. Why should you prepare a control for the 
permanganate test? 

3. Why is a control not necessary for the bromine 
test? 

4. Which of the following alkenes show cis-trans 
isomerism? 

a. I-Hexene 

b. 2-Hexene 

c. 3-Hexene 

For each that shows cis-trans isomerism, draw 
the structural formula for both the cis and the 
trans isomers below. 

5. Would H2CO be classified as an alkene? 

o 
II 

/C" 
H H 

Why or why not? 



Name -------------------------------------
Date. ____ _ 

Data Sheet I 

Data Table 1 

1 
Ketchup 

2 
Cyclohexane 

3 
Cyclohexene 

4 
Mineral oil 

5 
Com oil 

6 
Turpentine 

Data Table 2 

1 Ketchup 

2 Cyclohexane 

3 Cyc10hexene 

4 Mineral oil 

5 Com oil 

6 Turpentine 

7 Control 



Name Date -------------------------------------- ----

Pre-Lab Questions 

1. Why is it unnecessary to number the position 
of the double bond when naming propene? 

4. Provide the correct IUPAC name for the 
following organic structures. 

2. Does propene exhibit cis-trans isomerism? 

Explain. 

3. Draw the major organic products for the 
following addition reactions. 

a. Ethene + Sr2 ----JIo 

b. trans I-butene + HCl ----JIo 

a. 

b. 

CH2-CH2 --CH2 --CH3 

/ 
C~C 

/ \ 
Sr H 

H3C H 

\ / 
C~C 

/ \ 
CI CH3 



Alcohols and Their Classification 
Purpose of the Experiment: 

Understand the different properties that the structure of an 
alcohol can produce depending upon the structural 

classification of the hydroxyl-carbon. 

Background 

In organic chemistry, an alcohol is defined as 
a compound containing one or more Sp3 hybridized 
carbon atoms with hydroxyl groups (-OH) 
attached. Alcohols are classified as primary (10), 
secondary (2°), or tertiary (30) depending upon the 
number of carbon atoms that are directly attached 
to the carbon atom bearing the hydroxyl group. 
Ethanol is an example of a primary alcohol 
because the carbon atom bearing the hydroxyl 
group has only one carbon atom directly attached 
to it. 

H H 
H-C-C-OH 

I I 
H H 

Methanol, an alcohol that has no carbon atoms 
attached to the carbon atom bearing the hydroxyl 
group is also classified as a 10 alcohol. 

H 
H-~-OH 

H 

A 2° alcohol has two carbon atoms directly 
attached to the hydroxyl-bearing carbon atom. An 
example of a 20 alcohol is 2-propanol, or isopropyl 
alcohol. 

2-methyl-2-butanol is an example of a 3° alcohol. 
Note, there are no hydrogen atoms attached to the 
hydroxyl-bearing carbon atom. 

H CH3 

I-hC-~-9-0H 
H CH3 

In addition to the total number of carbon 
atoms in an alcohol, the substitution of the carbon 
bearing the hydroxyl group affects both the 

physical and chemical properties of the organic 
compound. Less substituted alcohols will tend to 
be less soluble in water, often forming a bi-layer 
when mixed with water, with the less dense 
alcohol floating on top of the water. Thus, for 
alcohols of similar molar mass, the primary 
alcohol will be less soluble in water than the 
secondary or tertiary alcohols. Boiling points are 
also affected. The less substituted the alcohol, 
the higher the boiling point. Thus, for alcohols of 
similar molar mass, the primary alcohol will have 
a higher boiling point than the secondary alcohol, 
which will have a higher boiling point than the 
tertiary alcohol. 

The classification of an alcohol also will 
determine the types of chemical reactions it will 
undergo. In this lab, we will focus on the reaction 
of an alcohol with potassium dichromate 
(K2Cr04), an oxidizing agent. A primary or 
secondary alcohol will readily react with K2Cr04, 
a yelIow compound, to make a bluish gray 
aldehyde and ketone, respectively. 

H H 
K2Cr04 H3C'c=0 H-C-9-0H III 

a H 
H/ 

ethanol ethanal (aldehyde) 

gH3 H3C'c H3C- -OH III H3C/ =0 I 
H 

2-propanol propanone (ketone) 

You may find that the primary alcohol reaction 
will result in a deep blue solution and the 
secondary a much grayer solution. 



Procedure 

A. Acquire an unknown alcohol solution. Record 
the identification number on line A of Data 
Sheet I. 

B. Obtain four test tubes. Label them "1°," "2°," 
"3°," and "unknown." 

C. Add 2 mL of distilled water to each tube. 

Note: When recording water solubility on steps 
D-F, mark (-) for completely water insoluble, 
(+) for slightly water soluble, and (++) for 
completely water soluble. 

D. Add 20 drops of I-butanol (10 alcohol) to test 
tube "1°." Record the water solubility of the 
alcohol on line D of Data Sheet I. 

E. Add 20 drops of 2-butanol (2° alcohol) to test 
tube "2°." Record the water solubility of the 
alcohol on line E of Data Sheet I. 

. F. Add 20 drops of t-butanol (30 alcohol) to test 
tube "3°." Record the water solubility of the 
alcohol on line F of Data Sheet I. 

G. Add 20 drops of your unknown alcohol to test 
tube "unknown." Record the water solubility 

of the unknown alcohol on line G of Data 
Sheet I. 

Caution: H2S04 is highly corrosive and toxic. 
Prevent contact with your skin, clothing, and 
eyes. Do not ingest. 

H. Carefully add 10 drops of 1 S M H2S04 to each 
tube. Gently swirl to mix. 

I. Add 10 drops of 0.1 M K2Cr04 to each tube. 
Gently swirl to mix. Record any color changes 
for each tube on the appropriate line of Data 
Sheet I. 

J. Use the data acquired from I-butanol, 2-
butanol, and t-butanol to classifY your 
unknown as 1°,2°, or 3° alcohol. 

Note: All organic waste must be properly 
disposed. Your instructor will direct you to a 
waste jar. Do not put anything down the drain . 

K. Dispose of all chemicals in the appropriately 
labeled waste jar. 



Name -------------------------------------- Datc ___ _ 

Post-Lab Questions 

1. In the winter, it is very important to have 
antifreeze in the radiator of a car. Antifreeze is 
the alcohol ethylene glycol (HOCH2CH20H), 
which at room temperature is a water soluble 
liquid. Its molecular weight is 62.07 g/mo1. 
Butane, a gas at room temperature, is insoluble 
in water. Its molecular weight is 58.14 g/mo!. 

a. Write the molecular formula of butane, 
and draw a structural formula of the 
compound. 

b. Draw the full structural formula of 
ethylene glycol. 

c. Explain the difference in water solubility 
of these two compounds, which have 
similar molecular weights. 

d. Explain why ethylene glycol is a liquid, 
while butane is a gas at room temperature. 

2. CsH120 has more than 0 ne structural isomer. 
Draw three of its isomers, making one a 
primary alcohol, one a secondary alcohol, and 
the last a tertiary alcohol. Which isomer can 
be oxidized to produce an aldehyde? Which 
can be oxidized to produce a ketone? Which 
cannot be oxidized? 

a. primary alcohol 

b. secondary alcohol 

c. tertiary alcohol 



Name Date ------------------------------------ ------

Data Sheet I 

A. Unknown alcohol identification -------

Directions for solubility: 
Mark the following 

• (-) for completely insoluble in water 
• (+) for slightly soluble in water 
• (++) for completely soluble in water 

Alcohol 
~ .. -~ ... Solubility Color Change 

D. I-butanol 

2-butanol 

F. t-butanol 

G. unknown 

~~,,,. .. 

Classification of unknown (circle one): 10 



Name -----, 

Pre-Lab Questions 

1. Below are the structural fonnulas of several 
alcohols. Classify each as primary, secondary, 
or tertiary. Then, name each alcohol using the 
IUP AC rules. 

IUPACNAME 

CH3 

I 
b. CH3CH2CCHr -OH 

I 
CH3 

IUPACNAME 

CH3 

I 
c. CH3CH2C~OH 

I 
CH) 

IUPACNAME 

H 

I 
d. H-C-OH 

I 
H 

IUPACNAME 

2. In the space provided, draw structural 
fonnulas for the following compounds. Then, 
classify each alcohol as primary, secondary, or 
tertiary. 

a. 1 -propanol 

b. 2-methyI4-chloro-1-butanol 

c. 1 -methylcyclohexanol 

d. 3-ethyl-3,5-dimethyl-2-heptanol 



Preparation and Identification of Esters 
Purpose of the Experiment: 

Understand the differences between carboxylic acids and 
esters and the reactions that occur. 

Prepare a variety of esters and note their odors. 

Background 

Some salad dressings are made from oil and 
vinegar. Their tartness is due to the vinegar which 
contains acetic acid, also known as ethanoic acid. 
Acetic acid belongs to the carboxylic acid family 
because it contains a carboxyl group. Carboxyl 
groups are composed of a carbonyl group attached 
to a hydroxyl group. 

o 
-~-oH 

carboxyl group 

o 
R-~-OH 

carboxylic acid 

Some carboxylic acids have more than one 
carboxyl group in their structure. For example, 
malonic acid, found in apples, has two carboxyl 
groups, and citric acid, found in citric fruits like 
lemons, has three carboxyl groups. Due to the 
hydrogen bonding properties of the carboxyl 
group, carboxylic acids are very water soluble. 
Water solubility also depends upon the length of 
the carbon chain, where the longer the carbon 
chain, the less water soluble the carboxylic acid. 

Carboxylic acids are weak acids that react 
partially with water to produce hydronium ions, 
H30+. Typical carboxylic acids ionize to the extent 
of only one percent or less, meaning that of the 
molecules dissolved in the water, fewer than one 
in one hundred will have reacted to form ions. 
Carboxylic acids will react completely with strong 
bases, such as sodium hydroxide, NaOH. Below is 
an example of the reaction between benzoic acid 
and sodium hydroxide forming water and the 
soluble salt sodium benzoate (a preservative in 
soft drinks). 

OCOOH +NaOH- o-COO-Na+ + H20 

benzoic acid + NaOH - sodium benzoate + water 

Esterification, another important reaction of 
carboxylic acids, is the reaction of a carboxylic 
acid with an alcohol to form an ester and water. 
This reaction is a reversible process, catalyzed by 
a strong acid. The reverse reaction, an ester 

reacting with water to produce a carboxylic acid 
and alcohol, is called hydrolysis. According to Le 
Chatlier's Principle, the ester formation is favored 
when more carboxylic acid or alcohol is added. 
The reverse reaction becomes favored when more 
water is added. 

Esterit1cation ____ -'''-
,,----- Hydrolysis 

o o = II R-C-O-R'+H20 
II 

R- C-OH + H-OR' 

Caboxyilc acid Alcohol Acid 1~.I'ter 
Catalyst 

Below is an example of the formation of the 
ester isobutyl methanoate from the alcohol 2-
methyl-I-propanol and the carboxylic acid 
methanoic acid. 

o 
II 

R-C-OH 

One difference between carboxylic acids and 
esters is in their characteristic odors. Many 
carboxylic acids have sour or unpleasant odors; 
whereas, most esters have sweet and pleasant 
odors. The food industry uses many esters as 
fragrances and flavoring agents. For example, 
isobutyl methanoate is used as a raspberry flavor. 

In this lab, you will produce a number of 
esters from their respective carboxylic acids and 
alcohols. You will then try to match each ester to 
its characteristic odor listed in Table 1. 

Table 1 Scents 

Apple 
Cherry 
Orange 
Pineapple 

Banana 
Nail Polish Remover 
Peach 
Wintergreen 



Procedure 

Note: The numbers appearing in parentheses 
indicate the specific lines on the data sheet in 
which data should be entered. 

A. Obtain eight 13 x 100-mm test tubes and label 

them 1,2,3, 4, 5, 6, 7, and 8. Place them in a 

test tube rack. 

B. Prepare a warm-water bath using a 600-mL 

beaker as shown in Figure 1 (add 300mL of 

water). Add a few boiling chips to prevent the 

water from "bumping." Heat the water to 60-

65°C. 

Figure 1 

Caution: 
Methanol, ethanol, I-butanol, 2-methyl-l
propanol, and 3-methyl-l-butanol are toxic and 
flammable. Do not use near heat or an open 
flame. Use under a fume hood. Do not pipette 
by mouth or breathe vapors. 

I-octanol and benzyl alcohol are IITItating. 
Prevent eye, skin, and clothing contact. 

Handle methanoic acid and acetic acid with 
care; they are corrosive. Avoid eye, skin, and 
clothing contact. 

Butanoic acid is toxic and corrosive. Prevent 
eye, skin, and clothing contact. 

Salicylic acid is toxic and irritating. Prevent 
eye, skin, and clothing contact. Avoid inhaling 
the dust and ingesting the compound. 

C. While the water bath is heating, add the 

specified amounts of each alcohol and acid to 

the appropriate test tubes as described in 

Table 2. Mix the solutions in each test tube. 

Caution: Concentrated H2S04 is toxic and 
corrosive. It causes severe bums. Prevent 
contact with the eyes, skin, and clothing. Notify 
the instructor ifthere is a spill of H2S04. 

D. To each test tube, carefully add 4 drops of 

concentrated H2S04. Remix each solution. 

E. Place the test tubes in the warm-water bath for 

10 minutes. Be careful that the test tube 

contents do not boil over. After 10 minutes, 

remove the test tubes from the water bath and 

place them in the test tube rack to cool. 

F. After the test tubes have cooled, add 2 mL 

distilled water to each test tube. Two layers 

wi 11 form in each tube; the ester will be in the 

top layer. 

G. Use a clean Pasteur pipette to remove a small 

amount of the I iquid from the top layer in test 

tube 1. Deliver the liquid from the pipette to a 

clean watch glass, and cautiously smell the 

odor. Record the ester's name, odor (from 

Table 1), and structural formula on the Data 

Sheet. 

Note: Do not worry if you are having difficulty 
identifying the odor. Descriptions of odor often 
vary with the individual. Some are just simply 
hard to describe. 

H. Repeat Step G with the esters in test tubes 2-8, 

cleaning the watch glass each time. 



Table 2 

Test Tube Alcohol Acid 

Ethanol (12 drops) Acetic acid (4 drops) 

0 
C~CH2-0H II 

H3C-C-OH 

2. Benzyl alcohol (12 drops) Acetic acid (4 drops) 

<Q)-CH,-OH 

3. I-Dctanol (12 drops) Acetic acid (4 drops) 

CH3 (CH2)7 - OH 

4. 3-Methyl-l-Butanol (12 drops) Acetic acid (4 drops) 

H3C- CH - CHr- CHz-- OH 

I 
CH3 

5. Methanol (12 drops) Butanoic acid (4 drops) 

0 
H3C-OH II 

CH3 CH2 CHr- C OH 

6. Benzyl alcohol (12 drops) Butanoic acid (4 drops) 

7. Ethanol (12 drops) Butanoic acid (4 drops) 

8. Methanol (20 drops) Salicylic acid (0.10 g) 

0 

II 
C-OH 

@-OH 



Name 
----------------------------~--------

Post-Lab Questions 

1. The flavor in a pear comes from an ester 
called pentyl acetate. Draw the structural 

formula of pentyl acetate. Then, identify by 

name and structure the alcohol and carboxylic 

acid used to synthesize this ester. 

2. Write chemical equations to represent the 
formation of esters 3, 4, S, 6, 7, and 8. 

3 

4 

5 

6 

7 

8 



Name Date ----------------------------------- -------

Data Sheet I 

Test Tube Odor Ester Name Structure 

1 

2 

3 

4 

5 

6 

7 

8 



Name Date -------------------------------------- ----

Pre-Lab Questions 

1. What precautions should you take when doing 

the following: 

a. using acetic acid 

b. using a warm-water bath 

c. using ethanol and methanol 

2. What IS the purpose of the concentrated 
sulfuric acid used in this experiment? 

3. Is benzoic acid water-soluble? You can test 
your answer in the lab by combining some 
benzoic acid and water in a test tube. 



Saponification-The Process of Making Soap 
Purpose of the Experiment: 

Understand the mechanism of hydrolysis reactions. Use the 
process of saponification to make soap. 

Background 

Soap has been manufactured for thousands of 

years using an organic chemical reaction known as 

saponification. Saponification is the hydrolysis of 

an ester by a strong base, such as NaOH or KOH. 

The products of saponification are alcohols and 

salts of carboxylic acids. If the ester undergoing 

saponification is a triglyceride, the resulting 

products are glycerol and three soap molecules. 

Triglycerides are the naturally occurring 

esters of three fatty acids and glycerol, which is a 

sweet, syrupy liquid used as a solvent and food 

additive. Fatty acids are long, straight chain 

carboxylic acids, consisting of ten to twenty 

carbon atoms. Saturated fatty acids possess no 

carbon-carbon double bonds and tend to have 

higher melting points than unsaturated fatty acids 

which do contain carbon-carbon double bonds. 

Fatty acids that contain more than one carbon

carbon double bond are called polyunsaturated 

fatty acids. Triglycerides containing saturated fatty 

acids are typically solids at room temperature and 

are called fats, Oils are triglycerides which 

contain unsaturated fatty acids and are typically 

liquids at room temperature. 

o 
II 

CHr-O--C-{CH2)I.CHJ 

I ~ 
CH-O-C-{CH2)?CH=CH(CH2)7CG3 + 3NaOH 

I ~ 
CHr-O--C-{CHzlr.(CH2CH=CHh(CH2).CI1) 

Fats and oils can be classified as simple lipids. 
Lipids are organic compounds that are insoluble in 

water, meaning that lipids will not dissolve in 

water. Lipids can be separated into two groups: 

saponifiable and nonsaponifiable, based on their 

structural features. Nonsaponifiable lipids cannot 

be hydrolyzed because they do not possess ester 

linkages. The two main types of nonsaponifiable 

lipids are steroids and prostaglandins. Saponifiable 

lipids can be further classified as simple or 

complex, depending on their structural features. 

There are two main types of simple lipids, 

triglycerides and waxes. Both types contain only 

two components, an alcohol backbone bonded 

with one to three fatty acids. Complex lipids are 

grouped into three main types: phospholipids, 

sphingolipids, and glycolipids. Complex lipids 

contain additional components, such as a 

phosphoric acid unit or a carbohydrate. Because 

simple and complex lipids contain ester linkages 

to fatty acids, both types of lipids can be 

hydrolyzed into salts of fatty acids, or soap. 

r~H 

CH-OH + 

I 
CH:r-OH 

o 
II 

Na+ 'O-C-{CH2)I.CH, 

o 
II 

Na+ "O-C-{CH!hCH=CH(CH1hCH, 

o 
II 

Na+ 'O-C-{CH2)!,(CH2CH=CHh(CI-hhCH I 

The process of saponification with NaOH 



Soap is able to clean because it contains both 

polar and nonpolar structural features. The long 

hydrocarbon chain of the fatty acid is nonpolar and 

hydrophobic. The nonpolar hydrocarbon chain 

repels water, but is able to attract other nonpolar 

substances, such as dirt, grease, or oil, that may be 

present on your hands or clothes. The carboxylate 

end of a soap molecule is ionic and hydrophilic. 

Water molecules are able to form hydrogen bonds 

with the carboxylate end of the soap molecule 

while the hydrocarbon chain is attracted to dirt and 

grease. Soap molecules give water the ability to 

indirectly bond to nonpolar substances and wash 

away dirt and grease. 

Procedure 

A. Place 15 g of lard into a 400 mL beaker. 
Record the lard's appearance, texture, and 
scent on the data sheet. Rub some lard 
between your fingers, and then run your 
fingers under water. Record how the lard feels 
under water. 

B. Add 40 mL of 6 M NaOH. 

C. Under the hood, heat the lard mixture to 
boiling. 

D. Stir the lard mixture constantly to avoid 
spattering. If spattering occurs, remove the 
beaker from the hot plate, but continue to stir. 
After the spattering ceases, return the beaker 
to the hot plate; continue heating. 

Note: Do not let the mixture hoil dry. Boiling 
dry will cause glassware to crack. 

E. Continue boiling and stirring the lard mixture 
for about 20 minutes or until most of the water 
has boiled away. 

Caution: NaOH is corrosive and toxic. Prevent 
contact with your skin, clothing, and eyes. Do 
not ingest. 

F. Carefully add an additional 40 mL of 6 M 
NaOH. Continue boiling for another 20 
minutes, or until most of the water has boiled 
away. 

G. Remove the beaker from the hot plate; let 
cool. As the crude soap cools, a waxy solid 
should form. 

H. While the crude soap cools, obtain 300 mL of 
a saturated NaCI solution in a 400 mL beaker. 
Heat the saturated NaCI solution to 90°C. 

I. When the crude soap is cool, add 25 mL of 
distilled water, and about 100 mL of the hot 
saturated NaCI solution. 

J. Stir the mixture with a stirring rod, breaking 
up any lumps. 

K. Decant the wash solution by pouring it 
through mesh. 

L. Return any trapped soap particles to the 
beaker. 

M. Repeat the washing procedure, steps I through 
L, two more times. 

N. Transfer the soap to a paper towel, placing 
another paper towel over the soap. Expel as 
much water as possible. 

O. Record the soap's appearance and texture on 
the data sheet. Place a small amount on your 
fingers and run under the water to observe its 
behavior. Record your observations on the 
data sheet. 

P. If you desire a scented soap, add 1 mL of scent 
at th is time. 

Q. Put the soap into a mold. Place the soap and 
mold in your lab drawer until the next lab 
period. 



Name Date -------------------------------------- -----

Post-Lab Questions 

1. If the pH of your soap sample were obtained, 
do you think it would be acidic, basic, or 
neutral? Why? 

Use litmus paper to test your hypothesis. 

litmus paper color ___ _ 

test result -------

2. "Hard" water contains a high concentration of 
ions such as Ca2+ and Fe2+. What problems can 
occur when washing with soap in hard water? 

3. If the NaOH solution splashed on your skin, a 
slippery feeling would result. Explain why 
strong bases such as NaOH cause this slippery 
feeling on skin. 

4. Sketch a soap molecule. Then, label the 
hydrophilic end and hydrophobic end. 



Name 
-----~~ 

Lard 
Appearance 

Texture 

Scent 

Behavior 
underwater 

Soap 

Appearance 

Texture 

Behavior 
underwater 

Data Sheet I 



3. 

Name -----------------------------------

Pre-Lab Questions 

1. If a triglyceride, a diglyceride, and a 
mono glyceride were all made with the same 
fatty acid, which one would be the most 
soluble in water and why? 

Which one is the least soluble in water and 
why? 

2. Explain the difference between a saturated 
fatty acid and an unsaturated fatty acid. 

Why is it important that soaps and detergents 
have both polar and non-polar characteristics? 

4. Classify the following as a triglyceride, a 
phospholipid, a sphingolipid, or a glycolipid. 

Fatty Acid GI-----I 
I ~--------~ 

Y c e 
r o 
I 

s 
P 
h 
I 
n 
9 
o s 
I 
n e 

G 
I y 
C e 
r 
0 
I 

Fatty Acid 

Fatty Acid 

Carbohydrate 

Fatty Acid 

Fatty Acid 

Fatty Acid 



Enzymes 
Purpose of the Experiment: 

Investigate and calculate the activity of the enzyme, amylase. 

Background 

Every second in your body's cells, many 

thousands of chemical reactions are taking place. 

Most of these reactions do not occur quickly 

enough to sustain life without the presence of 

enzymes. Enzymes are biological catalysts which 

increase the rates of chemical reactions. Enzymes 

are not changed by the chemical reactions they 

catalyze, nor are they used up. Enzymes are very 

specific, catalyzing a single reaction, and very 

effective, increasing the rate of a reaction by at 

least a billion times. The human body requires the 

presence of enzymes for survival. 

In an enzyme catalyzed reaction, a compound 

called the substrate binds to a specific part of the 

enzyme called the active site. The substrate 

undergoes a chemieal ehange to produce a 

product. The enzyme is then regenerated and able 

to act upon another substrate. 

The rate of enzyme catalyzed reactions is 

affected by factors such as concentration, pH, and 

temperature. Both the concentration of the enzyme 

and the substrate will affect the reaction rate. If the 

concentration of the substrate is held constant, and 

the concentration of the specific enzyme increases, 

the rate of reaction also increases linearly. If the 

enzyme concentration is held constant and the 

substrate concentration is increased, the rate will 

increase until all the active sites of the enzyme are 

bound to substrate molecules. This is called the 

saturation point. Once the saturation point is 

reached, the rate of reaction will not change 

because there are no more available active sites for 

the excess substrate. 

Enzymes function best within a certain pH 

range. The optimal pH, which gives the fastest 

reaction rates, is different for every enzyme. At 

extreme values of pH, enzyme activity can be 

completely abolished due to the denaturation of 

the enzyme. 
An enzyme also operates best within a certain 

temperature range. If a reaction in the presence of 

an enzyme begins at a low temperature and the 

temperature is slowly increased, the rate of 

reaction will also increase until the optimal 

temperature is reached. As the temperature 

continues to increase, the rate will decrease 

because the reaction is taking place outside of the 

optimal range. Again, at extreme hot and cold 

temperatures, enzyme activity can be completely 

abolished due to the denaturation of the enzyme. 

In this lab, you will investigate the digestion 

of starch by the enzyme salivary amylase. A 2% 

starch solution will serve as the substrate. Starch is 

a polysaccharide composed of repeating monomer 

units of glucose linked end to end via a 1-4 

glycosidic bonds (Figure 1). 

1;~\ 1;~\ 1;~\ 
O~O~O~O 

OH OH OH OH 

Figure I. 

The hydrolysis of starch is mediated by the 

enzyme amylase. Our saliva contains this enzyme, 
which breaks down starch molecules into maltose 

and other simple oligosaccharides by breaking the 

glycosidic bonds. You will measure the amount of 

digestion that takes place in a thirty minute period 

for varying amounts of amylase and report an 

activity for amylase. The activity will have the 

units milligrams of starch digested per milliliter of 

I· . (mg starch J sa tva per mmute . .' 
mlsahva • mm 



To monitor the starch digestion, we will use an 
IzfKI solution containing the triiodide ion which 

stains starch. The triiodide ion present in solution 

slips into the coil structure of an undigested starch 
molecule, producing a deep blue color in solution. 

As the starch is digested and monosaccharides, 
disaccharides and oligosaccharides are formed, the 
deep blue color lightens. When all the starch is 
digested, the blue color will completely fade, 

leaving a pale brown color which indicates the 

presence of aqueous iodine. The solution appears 
blue because the triiodide-starch complex is 
absorbing the lower energy light (reds, oranges, 
and yellows) while allowing the higher energy 

light (blues and purples) to pass through. We see 
the blue light that transmits through the solution. 

We can monitor the amount of digestion that has 

taken place by measuring the amount of red light 
absorbed by the triiodide-starch complex. A 
colorimeter will be used to measure absorbance of 
light at 635 nm. The amount of red light absorbed 
is directly proportional to the concentration of 

complex present in solution. A low absorbance 
reading indicates that very little complex is 

present, meaning that digestion has completed. A 
high absorbance reading indicates that a high 
concentration of complex is present, meaning that 

little or no digestion has occurred. 



Procedure 

A. Begin heating a water bath in a 600 mL 
beaker. Add water and a thermometer to the 
beaker and set the heat setting to a maximum 
level of 2. Maintain the bath at 37°e. 

Note: It is important to watch the temperature 
of the water bath carefully. If the temperature 
of reaction is too high or low, it will be 
impossible to measure the activity of the 
amylase over a 30 minute period. 

B. One person should collect 3 mL of saliva 
(avoid bubbles) in a clean 10 mL graduated 
cylinder. While collecting the saliva, continue 
with parts C and D. 

C. Label ten test tubes 1-10 as follows: 

Test Tube % Saliva Test Tube % Saliva 
I 50.00 6 1.56 
2 25.00 7 0.78 
3 12.50 8 0.39 
4 6.25 9 0.20 
5 3.13 10 0.10 

Note: Your lab instructor will have already set
up several buret stations around the laboratory 
for dispensing distilled water and the 2% starch 
solution. 

D. Using a buret, dispense 2.00 mL of distilled 
water into each of the ten labeled tubes. 

E. Use a volumetric pipette to transfer 2.00 mL 
of pure saliva into tube #1. Cork the tube and 
mix the saliva solution well by inverting the 
test tube several times. 

F. Using the same pipette, transfer 2.00 mL of 
the saliva solution in tube #1 to tube #2. Mix 
the contents of tube #2. Set tube #1 to the side. 

G. Using the same pipette, transfer 2.00 mL of 
the saliva solution in tube #2 to tube #3. Mix 
the contents of tube #3. Set tube #2 to the side. 

H. Continue with the serial dilutions in the same 
manner for all ten test tubes. When you have 
finished mixing tube #10, use the pipette to 
remove and discard 2.00 mL of the 0.10% 
saliva solution. You should now have 10 test 
tubes containing 2.00 mL of saliva at different 
concentrations. 

Note: All 10 test tubes must be added to the 
water bath at the same time for correct results. 

I. Using a buret, quickly add 2.00 mL of a 2% 
starch solution to each of the 10 test tubes. 
Mix thoroughly. When all the test tubes are 
mixed, place them in the water bath 
simultaneously. Begin timing for 30 minutes. 

J. During the digest, calibrate the colorimeter 
according to the directions located in the front 
of the manual. 

K. After 30 minutes, remove the test tubes from 
the water bath and add 4.00 mL of distilled 
water to each of the 10 test tubes, using a 
buret. Then, add 2 drops of the h/KI reagent to 
each of the 10 test tubes. Mix the contents of 
the tubes. 

Note: When using the centrifuge, the rotor must 
be balanced. Be sure each test tube has another 
tube of the same volume across from it. 

L. Centrifuge all the tubes for 60 seconds. 

M. Using the colorimeter, find the absorbance of 
the solution in each of the tubes at 635 nm. 
Carefully add solution to the mark on the 
cuvette without disturbing the pellet in the 
bottom of the test tube. Record absorbencies 
for each tube on Data Sheet I. 



Calculations 

N. Plot the data points recorded on Data Sheet I 
on the graph paper provided. The percent 
saliva should be placed on the x-axis and the 
absorbance on the y-axis. 

O. Find the baseline reading for 100% digestion 
by fitting a line to those points where the 
absorbance is near or at 7,cro. Write the 
equation for this line on Data Sheet II. 

P. Fit a second line to those points where the 
absorbance is greater than 7,cro indicating that 
some undigested starch remains. Write the 
equation for this line on Data Sheet II. 

Q. Find the intercept of the two lines found in 
part 0 and P. The x-coordinate of the intercept 
will be approximately equal to the minimum 
percentage of saliva needed to completely 
digest 2.00 mL of 2% starch. Write this saliva 
percentage on Data Sheet n. 

R. Calculate the mL of saliva needed for 
complete digestion as follows: 

mL saliva % saliva x 2.00 mL 
100 

Write this value on Data Sheet II. 

S. Calculate the mg of starch in 2.00 mL of 2% 
starch as follows: 

mg starch = =-:.::'-=-~= 

Write this value on Data Sheet II. 

T. Calculate the activity of amylase in the saliva 
as follows: 

Activity "" mg starch 
mL saliva' 30 min 

Write this value on Data Sheet II. 



Name --------------------------------------- Date ___ _ 

Post-Lab Questions 

1. Compare the amylase activity you found with 
other groups. Calculate the average amylase 
activity for the class. 

2. The optimum pH for amylase digestion of 
starch is between pH 6 and 8, which is near to 
the pH of your saliva. In your stomach, a 
different enzyme resumes digestion of starch. 
Explain why salivary amylase may not work 
well as a digestive enzyme in your stomach. 

3. If you allow a chewed cracker sit in your 
mouth for a few minutes, it will begin to taste 
sweet. Explain why this happens in terms of 
the digestion of starch. 



Name 
~~~---------------------------

Date, ____ _ 

Data Sheet I 

Test Tube % Saliva Absorbance at 635 nm 

1 50.00 
-," 

2 25.00 

3 12.50 
,_ .. 

4 6.25 

5 3.13 
,_. 

6 1.56 

7 0.78 

8 0.39 

9 0.20 

10 0.10 



Data Sheet II 

Linear Fit for 100% Digestion = 

Linear Fit for Partial Digestion = 

Intercept (% Saliva) 

mL of Saliva = 

I mg of Starch :; 

I 
Activity of Amylase = 



Name Date -------------------------------------- ----

Pre-Lab Questions 

1. In this experiment, a 2 % starch solution will 
be digested with salivary amylase at 37°C. 
What is the significance of this temperature? It 
may help to convert the temperature to degrees 
Fahrenheit. 

2. Salivary amylase catalyzes the hydrolysis of a 
1-4 glycosidic bonds in starch. Using 
structural formulas, write a chemical equation 
for the hydrolysis of the glycosidic bond in the 
disaccharide maltose. 



AppendixD 
CHEMt01 Laboratory Experience Surveys 



CHEM 101 LABORATORY EXPERIENCE 
FALL 2004 

In an effort to make improvements to CHEM 101, we ask that you complete the following survey 
concerning the laboratory portion of the course. Please circle the option that best suits your opinion. 
Your honest feedback will be greatly appreciated. 

PROBLEM SOLVING SESSIONS 

1. Did you find the problem solving sessions to be useful in learning the material? 

not at all somewhat useful useful very useful 

2. Did you find the problem solving sessions to be a good preparation for the exam? 

not at all fair good very good 

3. Did you use problem solving session worksheets when studying for the exam? 

no sometimes most of the time always 

4. Did you find the problem solving session worksheets to be: 

too difficult just right too easy 

5. Did you find the problem solving session worksheets to have: 

too many problems enough problems not enough problems 

6. How well did the material on the worksheets compare with the exam material? 

not at all somewhat mostly very well 

If you have any comments (good or bad) about problem solving sessions, please list them here: 

LABORATORY EXPERIMENTS 

1. Did you find the laboratory experiments to be enjoyable? 

no some of them most of them all of them 

2. Did you use lab experiences or the lab write-ups to help you prepare for the exams? 

no sometimes most of the time always 
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3. Were the procedures easy to read and understand? 

no sometimes most of the time always 

4. Did the pre-lab questions help you prepare for the experiment? 

never sometimes most of the time always 

5. Please identify the following for the lab experiments. A list of the experiments is provided on the 
back of the survey. 

most enjoyable: 

least enjoyable: 

most helpful in learning the class material: 

least helpful in learning the class material: 

If you have any comments (good or bad) about the lab experiments, please list them here: 

GENERAL 

1. Before this class, had you ever taken chemistry before (high school or college)? 

No Yes 

2. Briefly explain how you study for exams. Include the resources you use (textbook, notes book, lab 
manual, lab write-ups, problem study sessions, review sessions led by your professor, review 
sessions led by someone other than your professor, tutoring sessions, study groups, internet, etc.). 
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Detailed Lab Questions 

Please provide your answers to the following questions. This portion of the survey will not be graded. 
Incorrect responses will in no way affect your grade. 

1. Which piece of volumetric glassware would you use to measure 2.00 mL of water? (circle all that 
apply) 

A. 2.00 mL pipette B. 50 mL beaker C. 10 mL graduated cylinder 

D. 50 mL graduated cylinder E. buret F. test tube 

2. Which of the following glassware is most accurate as measuring liquid volumes? (Choose only one.) 

A. pipette B. buret C. beaker D. graduated cylinder 

3. If you have a 6 1\11 NaOH solution, how many moles of NaOH are present in 1 L of solution? 

A. 6 moles NaOH B. 60 moles NaOH 

C. 0.167 moles NaOH D. cannot be determined from information given 

4. What would you use to determine if something were acidic or basic? (Please only list items found in 
your lab drawer.) 

5. It is possible to determine the molar mass of a volatile liquid using the ideal gas law. 

True False 

6. It is possible to identify an unknown metal using its density. 

True False 

7. Esters are produced by the reaction between carboxylic acids and ethers. 

True False 

8. Measure the length of the following line to the nearest 0.01 em. 
(rulers are provided in the front of the class) 

Thank you for your responses. Have a great semester break. 
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Laboratory Experiments 

PROP 383 
STOl388 
REAC 405 
PROP 481 
PROP 454 
ANAL 427 
Handout 
REAC 472 
SYNT 470 
Handout 
ANAL 215 
Handout 

Density of Liquids and Solids 
The Empirical Formula of an Oxide 
Identifying Six Solutions by Their Interactions 
Determining the Molar Mass of a Volatile Liquid 
Osmosis and Dialysis (Part I. only) 
Quantitatively Determining the Acid Content of Fruit Juices 
Structure of Organic Compounds 
Qualitative Tests for Alkenes 
Preparation and Identification of Esters 
Preparation of Soap 
Dipeptide and Amino Acid Identification by Paper Chromatography 
Salivary Amylase 
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Appendix E 
Survey Analysis 



Survey Analysis 
General Lab Opinion Questions 
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Buret 
Test tube 

Graduated linder 

60 moles NaOH 
0.167 moles NaOH 

Cannot be determined 

Other 

Survey Analysis 
Knowledge Retention Questions 

2% 

7% 
37% 

10% 
6% 
13% 

5% 

an unknown metal 
Fall 

19% 

1% 

3% 
33% 

12% 
4% 
18% 

5% 
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