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SAMPLE C


designed a unique and interesting research question which required the hire of ultrasound
apparatus. The organization of which, required liaising with the school administration and the company.
This delayed the start of collecting experimental data but he was still able to tackle the research
question. This was based on good background knowledge of chemistry.
The research question was developed from work covered on the course on substitution and elimination
reactions. It is suitable because it addresses how ultrasound could affect the relative yield of competing
products and this is not considered on the course.
A problem was how to measure the relative yield given the limited equipment we have in school.
choose 1o estimate this from mass changes caused by loss of the lower boiling point product by
evaporation. Although this would not give very accurate results it showed real initiative from the student
on using limited resources. ,
The report produced was not easy to follow. In places he uses non-scientific language and his
description of making up a standard solution of sodium hydroxide confusing. The data tables appear
overly complicated with no observations. Changes in the presentation could have improved the essay
. Although he shows some good basic chemistry theory in the early part of the essay, he does not relate
this well to the results. Although aware of limitations his handling of error analysis is not appropriate.
However, overall he has attempted some original work which | encouraged with some success.
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The Effects of Ultrasound on the Relative Yield of Eiimination and Substitution Mechanisms when Halogenoalkanes are
Reacted with Sodium Hydroxide
Absitract

‘This experiment investigated the research question: "How does the Utilization of
Ulirasound Affect the Relative Yield of the Competing Elimination and Substitution
Mechanisms in the Reaction of Bromobutane and Sodium Hydroxide to Form an Alcohol?"

Halogenoalkanes reacts with a salt containing a hydroxide ion to form an alcohol with
the same structural descriptor (primary, secondary, or tertiary) as the original
halogenoalkane. However, there are actually two competing reactions occurring. a

substitution reaction forming the alcohol, and an elimination reaction forming an alkene. The

relative yield is of interest because if ultrasound is used to catalyze competing reactions, itis .

desirable to know how the products are affected.

| chose to investigate the effects of ultrasound on this reaction because of

ultrasound's ability to increase the rate and reactivity of reactions that are normally
unfeasible at room temperature. Ultrasound's effect on the relative products from a

halogenoalkane and sodium hydroxide reaction has little literature. This, as well as =
ultrasound's ability to thoroughly mix liquid reactants, lead me to investigate this research.

question.

in this experiment, ultrasonic radiation was employed for short intervals (about 0.5
sec every 4-5 sec.) during the reaction process. The mass lost by the evaporation of
alkenes formed through elimination was measured. This loss in mass formed the basis of
for the calculation of the relative yield of the two competing reactions. Using 10 separate
trials for each of 3 different bromoalkane structures (1-brorﬁobutane, 2-bromobutane, and 2-
bromo-2-methyl propane), the average yield percentage for each was calculated. The yields
of the primary, secondary, and tertiary bromoalkanes increased from 4% to 8%, 8% to 48%,
and 76% to 89%, respectively, with the application of ultrasound to the reaction. It is
proposed that the heat equivalent of the ultrasound results in the increase in yield for the
elimination reaction.

Word count: 298
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The Effects of Ultrasound on the Relative Yield of Elimination and Substitution Mechanisms when Halogenoaikanes are
Reacted with Sodium Hydroxide
Research Question

How does the Utilization of Ultrasound Affect the Relative Yield of the Competing
Elimination and Substitution Mechanisms in the Reaction of Bromobutane and Sodium -
Hydroxide to Form an Alcohol or an Alkene? |

Introduction
Halogenoalkanes exist in three main formations: primary, secondary, and tertiary
forms. These forms can be reacted with sodium hydroxide creating primary, secondary, or
tertiary alcohols, respectively, through a substitution reaction. This substitution reaction
competes with an elimination reaction that produces an alkene. Spemf;caliy, the bromine
becomes aqueous and a hydrogeni\ls removed, which reacts with the hydroxide ion to form
water. ! Desiring to investigate an area of chemistry that was not widely reported and is
more esoteric, | chose 10 investigate the effects of the addition of ultrasound on the yield of
these competing reactions, This area is also new and unexplored as 1 could find no EM‘UWC‘N}
reference to ultrasound's effect on the relative yield of these reactions. / ﬂw% e

Because of ultrasound's catalytic nature, it was imperative that if it were to be used in
an environment containing two competing reactions that it's effect on that competition be
understood. In order to investigate this relationship, I chose a relatively complex reaction,
but a relatively simple measurement protocol. When butene is formed by way of the
elimination reaction, it vaporizes instantly because of its low boiling point, i.e., -6.3°C for but-
1-ene, 3°C and 1.9°C for the cis and trans forms of but-2-ene, respectively, and ~6.9°C for 2- /
methyi—propene.m Further, because all of the alcohols formed by the reaction have a boiling
point greater than 80°C, there would be little anticipated loss of alcohol from boiling to create e
an error in the measurement. Thus, by measuring the mass lost when the reaction was
complete, the theoretical yield of the alkene could be extrapolated. This loss of mass could
be used as a basis for the calculation of the yield of the competing reactions. The basis of
my discussion is, therefore, whether ultrasound has an effect, and if so, what is the degree

of that effect on the reaction.
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The Effects of Uitrasound on the Relative Yield of Efimination and Substitution Mechanisms when Halogenoalkanes are
Reacted with Sodium Hydroxxde
Background Information

Sonochemistry
Sonochemistry was discovered in the late 1800’s, based upon observed erosion of

propellers used on ships at that time. John |. Thornycroft and Sydney W. Barnaby were
fooking to explain and prevent this erosion, and observed the formation of large bubbles in
the liquid around the propellers. It was these bubbles, these cavities, that formed the initial
idea of Sonochemistry. As ships were improved and ship speeds increased, the
deterioration caused by these cavities presented a threat to the British navy and their ships.
Lord Rayleigh performed experiments to address this concern and conclusively investigate
this phenomenon. He discovered that it was the collapse of the cavities that caused the
destructive effects and that these cavities could be formed by high turbulence liquid motion

as well as ultrasonic irradiation.™

The effects of this collapse are well tested and documented. The localized energy of
these collapses is enormous, with a temperature equivalent of 5000°C and 1000
atmospheres of pressure.  This energy is the basis of ultrasound’s unique effect on
chemical reactions. Because of its high temperature equivalent, ultrasound is capable of
catalyzing reactions. Furthermore, in solutions, the collapse of these cavities smash large
numbers of 'mo[ecules together, and according fo collision theory, aid in the rate of reaction. -
In fact, for reactions where the mechanism is normally not feasible at‘room temperatures,

the use of ultrasound can increase reactivity by over a million fold.”! S

Elimination vs. Substitution
During the formation of alcohols from halogenoalkanes and hydroxide ions, there are

fwo competmg reactions that occur, The first is a nucleophilic substitution reaction, which
involves a relative positive region being attacked by a negative center; in this case

hydroxide ions. The reaction follows one of two possible mechanisms.:

The first is Sy1, when the bromine breaks from its carboh,_ forming a carbo-cation
with a positive center. This center is then attacked by the hydroxide ion, forming an alcohol
by attaching to the now positive carbon.

The second mechanism is Sy2, involves the formation of an act;vaied complex, which
is an unstable transitory state, wherein both the bromine and hydroxide ions attached to the

(3}
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The Effects of Ultrasound on the Relative Yield of E]zmmatlon and Substitution Mechanisms when Halogenocalkanes.are
Reacted with Sodium Hydroxide
carbon. The bond with the brémine then breaks, releasing the bromine into the solution, with

the final result again being an alcohol.®

The second and competing reaction in this case is an elimination reaction. As above,
there are two possible mechanisms for this reaction: E1 and E2. Both mechanisms follow a
mechanism similar to the substitution reaction with the same numerical coefficient.

The E2 reaction mechanism is characterized as an Sy2 mechanism where the
negatively charged center does not attack the carbon at its positive center, but instead
attacks one of the hydrogens. Because the electrons prewously bonding the hydrogen and
the carbon are now unbonded, the electrons form a double bond between that carbon and
the carbon with the halogen attached to it, as that carbon has a greater positive charge due
to the presence of a negative group attached to it. Due to these electrons forming this bond,
the Halogen is forced from its carbon. '

The E1 mechanism, like the EZ2 mechanism,' is a reflection of the opposing
substitution mechanism. The halogen leaves in the rate determining step, followed by the
negative ion attacking one of the hydrogens as above. And, also as above, the resulting
unbounded electrons form a double bond between carbons.!

These two reactions work in terms of the structure of the organic molecule (primary,
secondary, or tertiary) involved in the reaction. This can be explained by the fact that the
mechanisms are determined by what positive center the nucleophile “attacks” during the
reaction. For substitution reactions, the positive center that is aftacked is a carbon atom,
and for the elimination reaction the positive center attacked is a hydrogen atom®. The
carbon is the positive center most common for primary halogenoatkanes, because the
carbon that has bonded with the halogen is the most positive‘area, and is not tightly
surrounded by other atoms, and is often attacked by the nucleophile. The tertiary
halogenoalkane, on the other hand, is tightly surrounded by other atoms, meaning that often
a hydrogen is attacked instead of a carbon, i.e., on the way to the positively charged carbon,

a hydrogen is contacted and the coliision triggers a reaction.
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Chart 4. SN1 E\ﬂechan&sm Example

Reactants Intermediate carbacation Products
CH ' |
%%3(3‘ f,,a...ﬁ““ ) e ~ ,CHa o
H,C -f:—Br —= H—Ow}% Br e HDWC;\- CH, Br
& N
e Rate limiting step Mt CH, Extremely rapid CHs
invalves just one
rmolecule
R = LI{CH, )4 CBr]
Chart 2:SN2 Mechanism Example
Reactants Intermediate carboanion Products
6__ .
M= C ’(E}’ g H-12 C.I'l Br S HQ_C?I.-fH -
\“““"’ 5 H ?F’ | ) N
involves two
rmolecules
R — kI[CIL; BrlloH "]
Chart 3: E1 Mechanism Example
Reactant Intermediate Carbocation Products
M-
H B | A
r) H H.C CH
l l E-:‘k + 3 \CMC’ e
Hac—?‘_?WCHS ——e HSC—?—VT?WCHS —_— H/ - ey
H CH, H CH. ’
3 + H.O
Br-
Rate determining step Extremeiy rapid

Involves one molecule

R — kICIE, C11, CEI; BeCH, T
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The Effects of Ultrasound on the Relative Yield of Elimination and Substitution Mechanisms when Halogenoalkanes are

. Reacted with Sodium Hydroxide
Chart 4: E2 Mechanism Example

Reactanis - Products

HO: 7%

l i 3 HSC . CHa
H,C —C——C—CH, = }*—<
L H CH,

H  oH
N

o Br)

Rate determining step
Involves two molecules

It = K[CH; CHy CCH, BrCifllon ]

First two pictures: www steve.ab.com

Second two pictures: www.chembelper.com

ProcedgraB'Write-Ug

1.

Fill two 100 cm® volumetric flasks with distilled water. ' To these flasks, add 0.399
grams of NaOH and 1.699 grams of silver nitrate in order to form 1 molar solutions of
both the NaOH and the silver nitrate

Prepare four test tubes at a time, using a pipette to add 2 em® of the bromoalkane.
Record the mass of the test tube and the organic added.

Add, using a pipette, 3 cm® of ethanol to the solution. Shake thoroughly, as the
ethanol will act as the solvent that brings all the reactants in contact with one

another. Again, record the mass of the test tube.

Mass a test tube, and add 2 cm® of silver nitrate fo that test tube.. Take the new
mass with the silver nitrate and subtract in order to measure the mass of the silver
nitrate. Add the 2 cm?® of the silver nitrate to the test tube in which the reaction is to
take place.

Measure the mass of a separate test tube, add 2.5 cm® of NaOH to that test tube.
Record the mass of the NaOH solution by massing that same test tube with the
NaOH inside it and taking the difference.

‘7 lp a ge
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Reacted with Sodium Hydroxide

6. Now add the 2.5 cm® of the NaOH solution to begin the reaction. Record a value in
your data table equal to the mass of the test tube with the athanol and the
bromoalkane plus the mass of the silver nitrate plus the mass of the sodium
hydroxide. '

7. Using the formation of silver bromide (a yellow solid) as a measure for completion,

wait until the reaction is complete.

8.- Once the reaction is complete, take the mass of the test tube. The difference of the
masses recorded before the reaction took place and the mass of the final solution
after the reaction has taken place will be equal to the alkene produced.

9. Repeat 9 times more

10. Repeat steps 1-9 ten additional times, with one adjustment. Between steps 7 and 8,
apply ultrasound using a setup as seen in the appendix. Apply 9-10 times for about
0.5 seconds each time, spaced out over about 15 to 20 seconds, to prevent
sonotrode from heating and boiling off reactants or products other than the alkene.

Procedure as it was Carried out
Both the primary and tertiary organic reactions were carried out according to this

method; however the secondary organic reaction was done slightly differently as it was the
first reaction carried out. Because it was first, the method had not been perfected, and
therefore there was significant time loss in performing these reactions. Nonetheless these
results are not to be disregarded.

For the secondary reaction, silver nitrate was used in solution but the sodium
hydroxide remained solid, in powdered form, during the reaction. Also, fhe only solvent used
was water, thus creating a barrier between the organic and the slowly dissolving sodium
hydroxide, as the organic was inéolubie in water. Therefore the reactants did not mix fully.
Ultimately the reaction time lasting longer than 20 minutes for each of the non-ultrasound

catalyzed reactions. It should be noted that all catalyzed reactions were fully reacted after

gip a.g. e



The Effects of Ultrasound on the Relative Yield of Elimination and Substitution Mechanisms when Halogenoalkanes are
, Reacted with Sodium Hydroxide
approximately 10-15 seconds of ultrasonic radiation exposure, supporting the conclusion

that ultrasound will serve to mix liquid reactants fully.

[Investigation of the Primary Organic

Hypothesis formed

According to literature regarding the reaction mechanisms of elimination and
substitution reactions one would expect that the addition of ultrasound will result in a higher
yield for the elimination reaction. This hypothesis was formed because it is noted in the
literature that elimination reactions have a gréater yield when heat was add, and heat is the /

yﬁf .

primary effect of the addition of ultrasound found in the research above.”
CH, BrCH,CHy CHy + NaOHggp — CH0HCH, CH,CHy + Nafy+ Brisg

Equation 1: Substitution reaction to form a primary alcohol

CH,BrCH,CH, CHy + NaOHeyyy — CHyCHCH;CHy + Hi0 + Nagy+ Brgg

Equation 2: Efimination reaction to form an alkene

1-bromobutane was reacted with powdered sodium hydroxide as the hydroxide ion is
‘a strong nucleophile, which is necessary for either of the reactions shown above. In order to
determine when the reaction was complete, silver nitrate was added, as silver bromide will
form, signaling that the reaction is still in progress. Upon compietion, no new silver bromide
will form, a noticeable change as silver bromide forms quite visibly, with a fizzing reminiscent -
of soda water. Further, the solution of 2-bromobutane and silver nitrate is a yellow color,
while silver bromide is a bww dark. Ten trials with ulfrasound and ten trials

without ultrasound were preformed, with the data recorded in the following chart:
‘ 5 ‘

Bl . Reference 7
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Reacted with Sodium Hydroxide

Table 1: experimental data of primary halogenoalkane

0.00196

As can be seen from the data in Table 1, it appears that the hypothesis formed is
supported by the experimental evidence. This can be seen in the fact that the amounts of
alkene formed during the reaction catalyzed by the ultrasound were consistently higher than
the amounts formed during the reaction without ultrasound. Since the observed resulfs
without ultrasound are consistent with the literature, the observations with ultrasound are
considered to be compelling. For example, according fo experimental data, primary
halogenoalkanes undergo primarily substitution baséd reactions to form alcohols much more

readily than they undergo elimination reactions. This observation matches the literature. In

this case there was an average of a 4% + 0.00727% yield to butene when there was no
PP S
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The Effects of Ultrasound on the Relative Yield of Elimination.and Substitution Mechanisms when Halogenocatkanes are
Reacted with Sodium Hydroxide
ultrasound used, based on a mol to mol ratio in the reaction equation. A 4% yield is

sufficiently small to support the fact that the reaction is mainly a substitution reaction.

If the hypothesis is true, the percentage yield to the elimination reaction should
increase significantly (for example, a doubling of the yield from 4 to 8 % would be a
significant increase in yield), in order to confirm that any increase in the yield is unlikely to
have been caused by anything other than the addition of ultrasound. The final average yield
of the uitrasound catalyzed reaction was 9% + 0.0134%, which is more than a 5% increase
and thus, a statistically significant increase, supporting the hypothesis that an ultrasound

catalyzed reaction increases yield of the elimination reaction.

. 11Epag e
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Reacted with Sodium Hydroxide

@vesiigaﬂ@n of the Secondary Organic

It is within the investigation of secondary organics that the largest difference between
the vyield of the elimination reaction, with and without the ultrasound, was expecied. 'This
expectation is based upon the fact that secondary compounds, according to literature, are
the most likely to be a combination of both elimination réactions and substitution reactions
and also the easiest in which to cause a shift in the reaction mechanism. [ '

CH, CHBrCH,CH, 4 NaOH = CH,CHOHCH,CH, + Na* 4 Br~

Equation 3: Substitution Reaction to form a secondary Alcohol

CH,CHBrCH,CH, + NaOH - CH,CHCH,CH, + H,0 + Na¥ + Br™ Subseapts e Ve

hooa

Equation 4: Elimination Reaction to form an atkene

In this reaction, 2-bromobutane was reacted with powdered sodium hydroxide and a
silver nitrate solution. There was no ethano! solvent in this reaction, and therefore the
reaction time was enormous, even when subjected to consistent shaking. This reaction took
on average 20 to 25 minutes to complete, and may not have fully reacted. This as well as
the fact that the sodium hydroxide needed time to dissolve in the water, because it began in
powdered form, could cause some subtle differences between the results seen here and
those seen for the primary and the tertiary organic compounds. As with the primary organic
compound, there were ten trials with ultrasound and ten trials without. . The data can be seen
in the chart below:

119 _ geference 3
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The Effects of Ultrasound on the Relative Yieid of Elimination and Substitution Mechanisms when Halogenoatkanes are
Reacted with Sodium Hydroxide
Table 2: Data coliected involving the Secondary Organic Compound

170.000635

0.00160
‘000142

1 0.000713

As seen from the data in Table 2 derived from the investigation of the secondary
organic compound, it is fairly clear that the addition of ultrasound to the reaction of a
halogenoalkane and sodium hydroxide results in an increase in the yield of the elimination
reaction. In this case, as in the case in Table 1 above, there was a clear and consistent
increase in the mols of alkene produced with the application of ultrasonic radiation versus
the mol of alkene produced without such a catalyst. In this case, the percentage yield in the
elimination reaction without the ultrasound was found to be 8% + 0.0132%. As previously
discussed above, there needs to be a significant increase in the percentage yield in the
elimination reaction in order for the results of the lab o be deemed significant results. In this
case the increase of the reaction is to 48% + 0.757%..

. 13|.P'agé‘




The Effects of Ultrasound on the Relative Yield of Elimination and Substitution Mechanisms when Halogenoalkanes are
‘ Reacted with Sodium Hydroxide
As predicted, there was a very significant increase in the percentage yield of the

elimination reaction. This is in part, due to how easily the reaction that occurs in secondary
halogenoalkanes can be shifted between elimination and substitution reactions. Because‘
the secondary halogenoalkanes have a structure that allows negative centers an eqrua!
opportunity to attack hydrogens as to attack the halogeno-functional group, both reactions
oceur simultaneously, normally to the same degree. However in this case, there was only an
8% yield fbr the elimination when the ultrasound was not present. The reason for this lower
yield and the inequaliiy between the two reactions is becauée the presence of water as a .
solvent deters the elimination reaction and aids the substitution reaction. This was corrected
in the primary and tertiary reactions by adding a smali amount of an organic solvent, ethanol,
which promotes the elimination reaction and opposes the substitution reaction. Together,
the use of both these solvents resulis in a relative net gain while not affecting the reaction
yield to any great degree. But in this case, water was the only solvent present, and affected
the reaction accordingly.

14; p a ge



The Effects of Ultrasound on the Reiative Yield of Elimination and Substitution Mechanrisms when Halogenoalkanes are
Reacted with Sodium Hydroxide
Investigation of the Tertiary Organic Compound

In the inVestigation of the tertiary organic, the literature states that there should be
the largest yield in the elimination reaction of all three types of halogenoalkanes. It should
be mentioned that while the compounds used in the past reactions were both forms of

o - ureALNAAE
butane, the compound that was reacted in this case was a form of EEP_?_’_‘?’ specifically 2- } m\/@b@cww
bromo-2-methy! propane. ‘ of WAL

ARG,
CHyCBrCH,CHy + NaOH — CHCOHCHCHy + Na™ + Br e "
({f\ﬂﬂ ie
Equation 5: Substitution reaction to form a methyl-alcohol . Isomes

CH,UBrUH,UHy + NoUH — CHy(CC Hp Uy 4 Na* + Br™ + Ha0

Eqguation 6: Elimination reaction to form a methyl-alkene

In selecting a tertiary compound, | was faced with two choices, either use a methyl

. butane to keep a bufane chain involved in the reaction, or use methyl propane, and keep the

same number of total carbon atoms involved. 1t was decided that keeping the same number

of carbons involved in the reaction was more important that keeping the same chain length

in the reaction. But as such, there was a different alkene formed in the final reaction, an wowme!
specifically a methyl propene. This change had no net effect on the experiment, as the bg b"""“‘i?
boiling point of mene, the characteristic necessary to measure weight change, is

actually 9°C lower than that of butane, and thus did not affect the measurement of the yield

in the elimination reaction. It boiled away as the alkenes did in the previous experiments.

As with the prior reactions, there were ten trials without ulfrasonics, and ten that
included ultrasonics. The recorded data appears below:

15|Page



The Effects of Ultrasound on the Relative Yield of Elimination and Substitution Mechanisms when Halogenoalkanes are
Reacted with Sodium Hydroxide

Table 3: experimental data of the tertiary halogenocalkane
R e

| 0.00456

1 0.00521

Duri'ng the trials for the tertiary compounds, detection of a change in the number of
grams lost between the trials that used no ultrasound and the trials that used ultrasound was
called into question. Specifically, the great loss of mass during the trials that did not use the
ultrasound raised a concern that there would not be enough of a detectable change between
the two to yield a significant result. The yield of the elimination reaction where no ultrasound
was applied was 76% + 0.930%. This yield increased in its average despite fears that it
might be immeasurable. With the application of ultrasound, the percentage yield increased
to 89% + 0.766%. This change was considered significant because the percentage yield
increased by a greater degree in this experiment than in the previously discussed
investigation of the primary halogenoalkanes (5% to 13%;).
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Conclusion

Based upon the data, that the addition of ultrasonic radiation to a reaction between
any of a primary, 'secondary or tertiary halogenoalkane and a nucleophile will result in an
increased yield in the elimination reaction and a decreased yield in the substitution reaction.
This result is ‘especially true for a secondary halogenoalkane, and thus, if the desire is to
increase the vyield of the -alkene being produced without producing a methyl-alkene, a
secondary halogenoalkane with an ethanol solvent should be reacted with a nucleophile |
under the addition of ultrasound,

Evaluation

| Random Error: Error in all mass measurements was + 0.005g; the errors in the sum
of the mass of each of the reactants was + 0.015g; the error on the mass lost was 0.02g;
and the error on the molar quantities of both the alkene/methyl-alkene formed and the
reactants were variable dependant on the masses involved, but ranged from + 0.000831 to +
0.00268. The values provided in the tables above are the average error of the data.

' Systematic Ervor: It was often difficult to determine exactly when the reaction had
reached completion, due primarily to the observéd varied characteristics of the end-detection
method used, silver nitrate. Hence it was felt that if the reaction had been left longer, it might
have reacted further resulting in additional loss of mass due to the evaporation of additional
atkene. This is an error that, while meriting mention, doés not affect the conclusions of this
investigation. This investigation seeks to determine what effect there is on the competing
reactions, elimination and substitution, with the addition of ultrasound, and the relative yields
of each. Since the numeric results indicate that ultrasound moves the competing reactions
toward elimination, and further since the relative yields are all statistically significant, the
impact of ending any reaction early would merely be on the relative yield of the elimination
product for that frial. Thus, the conclusion that ultrasound moves all of primary, secondary,
and tertiary halogénoa!kanes toward elimination is not undermined by this error.

It is also important to note that sonotrodes are notoriously difficult to clean. This is |
because a sonotrode is not allowed to be cleaned with anything corrosive or bleach based,
as this might coritaminate the future reactions to catalyzed by this sonotrode. Thus, the only
option available in the school lab was distilled water, which is not én ideal cleaning agent.
Despite thorough cleaning, there was evidence of contaminated reactions, such as odd

colors present in the reaction, or a separate layer of material that did not mix with the other
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materials. Contamination caused me to question the validity of certain trials. Therefore, 10

trials were preformed as opposed to the originally anticipated 4 trials. It was decided that
doubling the number of trials, in addition to cleaning the sonotrodes as thoroughly as was
possible, would render the f?aw to the results negligible.

The final error, probably the most important, is that the sonotrode heats up during the
addition of ultrasound to the reaction. According to it's instruction manual, the sonotrode can
increase to a maximum of 500°C after about one minute of constant ultrasound application.
This temperature would be able to boil the water/ethanol solvents, as well as the alcohol
formed through these reactions, which would render the results worthless. So in order to
avoid this result, the sonotrode was applied in short bursts, usually for about half a second
every four or five seconds. This inconsistent use should have negated the temperature

increase almost entirely. According to a thermometer check immediately after such a use,
| the temperature was quickly falling from about 45"6 when the reading was taken,
approximately 1 second after the sonotrode was deactivated. This seems rather high, as the
‘sonotrode began at room temperature, and thus it is possible that a small amount of the
other reactants or products. were boileqﬁ away as well.

Literature Errors: It was decided that Internet sources were the most pertinent to this
investigation due to the general difficulty in finding written literature that was relevant.
Particutarly it was difficult to find any articles describing specific, rather than general, uses of
. sonochemistry for chemical catalysis. There are not many studies on this topic, inc!uding'
few references in our school flibrary. On the other hand, due to the internet’s nature as a free
source, much of the data must be verified. Thus, for all internet sites, no information was
quoted or used in the investigation unless taught by a chemistry teacher, written in a text

/ C;m.’b

book in support, or verified on at least two, preferably three, different internet sources. /
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The Effects of Ultrasaund on the Relative Yieid of Elimination and Substitution Mechanisms when Halogencalkanes are

- Reacted with Sodium Hydroxide
Sample Calculations

grams _
- grams T TMOSEE 0029 0000356 mol -
Molar calculations ©  mol . 5611 gmol™t

Addition Error Calculations: #rror 1+ error 2 = eyror 3,ex.0.005 4+ 0.005 = 0.010

Error Calculations for Mols of Alkene:
mass st

ST enpss lost)

002

ex.m x 0.000535 = 0.00035%, thus mols of alkene = 0.000535 £ 0.000356

x Onols alkeng) = Evror on Mols of alkene

Error Calculations for percent yield:

BT OT Gmpls Mols of alkene
Gnols alkensd _ f + 100 = Percent ervor
mols alkene  Mols of bromoalkone '

0.000356 0.000535
X 0.000535 © 0.015320

= (023252 » 100 = 2.3252% error
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Appendix
Apparatus List
s 100 cm®*Volumetric Flask (x1)
s 200 cm® Beaker (x2)
o Test tube (x7)
e Test tube stopper (x7)
¢ Pipette (x1)
o Ultrasound Generator (x1)
¢ Sonotrode (x1)
o Metal Spatula (x1)
o Clamp Stand (x2)
o Clamps (x2)
e Digital Mass Measure (x1)
e 100°C Thermometer (x1)
. ¢ Watch Glass (x1)
i []
Ultrasound Generator
‘ —
Sonotrode :
Test Tube /w solution
= 1 Clamp Stands
Clamp

Chart 5: Ultrasound Apparatus Set-up
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Reactants and Product Compound’s Relevant Information

Silver Nitrate .

Reacts with the bromide ion to form ' 1
silver bromide, a visible yellow solid Ag+ I:
used {o measure reaction

completion. 07 ‘\3'0
1-Bromobutane

Primary Halogenoalkane /\/\

Boiling Point = 101.4°C B

2-Bromobutane ‘ Br

Secondary Halogenoalkane '

Boiling Point = 91°C

2-Bromo-2-methyl Propane

Tertiary Halogenoalkane - I P

Boiling Point = 73°C “\‘/

Butan-1-ol

Primary Alcohol '
Boiling Point = 117.73°C /\/\OH

But-1-ene
Boiling Point = -6.3°C

Butan-2-ol
Secondary Alcohol OH
Boiling Point = 94°C '
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Boiling Point = 1°C

2-methylpropan-2-ol
Tertiary Alcohol
Boiling Point = 82.4°C

2-methyipropene
Boiling Point = -6.9°C

Sodium Hydroxide |

Reacts with the organic, g
providing the neucleophile (OH" ion) IE-:I ,.(;I
' ‘ [+
[a o H

23 lp age



Assessment form (for examiner use only)

Candidate session number

Achievement level

First Second
examiner maximum  examiner
Assessment criteria A research question )

B introduction /’
C investigation e
D knowledge and understanding E /

" E reasoned argument E] e

F analysis and evaluation % / '-

']

G use of subject language

H conclusion
I formal presentation @J

J abstract 2\

K holistic judgment

HREREERR RN

Total out of 36 23 /
ame of first examiner: Examiner number:
SAPITAL letters)
ame of second examiner: Examiner number:

SAPITAL letters)



