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Nucleophilic Substitution
Introduction:
The purpose of this experiment is to compare the reactivities of a two nucleophiles, iodide and chloride,
in a substitution reaction of 1-bromooctane. A quaternary phosphonium salt,
hexadecyltributylphosphonium bromide, will be used to catalyze the reaction.
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You will run one of two reactions, using either chloride or iodide as a nucleophile. You will compare
your results to those of a classmate who used the other nucleophile. You will analyze your product
mixture using refractive index mixture to determine the extent to which the reaction went to completion.
Experimental Procedure:
Conduct one of the two following reactions under the hood:
Iodide:
Place 10 mmol of bromooctane and 0.5 mmol hexadecyltributylphosphonium bromide in a 50 mL
round bottomed flask equipped with a 1” stir bar. Add 15.7 mL (50 mmol) of saturated KI.
Chloride:
Place 10 mmol of bromooctane and 0.5 mmol hexadecyltributylphosphonium bromide in a 25 mL
round bottomed flask equipped with a 1/2” stir bar. Add 6.5 mL (50 mmol) of saturated KCl
solution.
Attach a water cooled condensor to your flask (see figure 7.6 in your lab manual).
Stir the reaction mixture vigorously and heat it for 1 hour in a 60oC water bath.
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Purification:
Transfer the reaction mixture to a separatory funnel. While the reaction mixture is still warm,
quickly remove the aqueous layer and dry the organic layer with anhydrous calcium chloride.
Immediately obtain the refractive index of the organic layer (see instructions at the end of this
handout).
Analysis:
The graphs below plot refractive index as a function of percent product. (The refractive index of
the starting material is 1.4518.) Use these graphs to determine to what extent your reaction has
gone to completion. Tabulate your results along with those of a classmate who used the other
nucleophile.

Postlab Questions:
1. Compare the results of the KI and KCl reactions. How do the results differ? How can you account
for the difference?
2. Predict the results you would have obtained if you had used 2-bromo, 2-methylheptane instead of 1bromooctane. Explain your prediction.
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Background
A refractometer is a device for measuring the index of refraction of a liquid sample,
which is the ratio of light's velocity in a vacuum to its velocity in the sample. The index
of refraction can be measured very precisely; precisions up to ±0.00003 can be
obtained, although most commercially-available instruments have a precision of
±0.0001. Since it is very sensitive to the sample's composition, it is a very quick and
easy way to the determine composition of a mixture if a set of standard mixtures can be
prepared. The focus of this page is not to provide an exhaustive treatise on the theory
of refractometry, and so the interested reader is referred to the literature for more
information.1,2

Operation
There are two refractometers available for your use; a Bausch and Lomb, shown in Fig.
1 and a Fisher, shown in Fig. 2. Although there are small differences in their operation,
the basic principles and therefore the arrangement of the instruments' components and
the operating procedures are similar. This document will give a brief general overview
of the operating procedure and will point out where the instruments differ in either
control layout or in order of operations.

Figure 1. The Bausch and Lomb refractometer (right side view). On this instrument the
compensator is a dial located on the front of the instrument (behind a protective plastic
window in this view) below the eyepiece and above the sample stage. The prism
coarse adjust and fine adjust knobs are the large and small knobs, respectively, located
on the right side of the instrument. This instrument's light source is external and is
housed in the arm on the front of the instrument which can swing down and away from
the sample stage. On this instrument the power switch is at the rear.

Figure 2. a) Left side view (left) of the Fisher refractometer showing the power switch
(small white button) and the compensator knob (large knob). Note the presence of what
appear to be knobs (one large one at the front and a smaller one at the rear) which are
the bulbs for illuminating the sample and the scale. b) Right side view of the Fisher
refractometer showing the prism adjusting knob. Unlike the Bausch and Lomb, the
Fisher refractometer has only one prism adjusting knob. The light source for this
instrument is internal, but it can be viewed through the vent holes on the right side just
below the sample stage.

Before starting the instrument check that the water connections are tight, and that the
sample stage is clean and dry. The following solvents and compounds cannot be
analyzed on this refractometer: DMF; phenols, cresols and other tar acids; acetic acid
solutions; N, N-dimethylacetamide; THF; mixtures of esters (especially methyl acetate
and vinyl acetate); some lacquer thinners; strong mineral acids and bases.

If desired, turn on the water bath and set it for 20.0 °C. Allow the bath to warm up for
several minutes before checking the thermometer on the side of the refractometer to

verify that the proper temperature has been reached; adjust the temperature of the
water bath as needed.

Turn on the refractometer (on the back of the Bausch and Lomb, or on the left side of
the Fisher). If you are using the Bausch and Lomb, the light in the clear ball on the
swing arm should come on, while you should observe light coming through the vent
holes on the right front of the Fisher just below the sample stage.

To place a sample in the Bausch and Lomb, swing the light source out of the way
(forward and down) and open the upper prism case (the metal case in the center of the
instrument). For the Fisher, first disengage the sample stage latch and swing the upper
prism assembly toward you. Place a drop of the sample on the sample stage and close
the upper prism case. For the Bausch and Lomb move the light source into position,
while for the Fisher simply close the latch. It is important that you do not use too much
sample (which makes a mess and can decrease accuracy) or too little sample (which
will result in a poorly defined borderline, vida infra).

If you know the sample's approximate index of refraction, set the instrument to this
value by adjusting the prism adjust knob (use the coarse adjust first on the Bausch and
Lomb) while monitoring the index of refraction scale. To see the scale on the Bausch
and Lomb, depress and hold the contact switch on the left rear of the instrument while
looking through the eyepiece. This switch toggles between the two views shown in Fig.
3 (Fig. 3a is observed when the button is depressed, while Fig. 3b is observed when it is
not). The scale should look like that shown in Fig. 3. On the Fisher refractometer both
views are displayed simultaneously, as shown in Fig. 4. Once the you have made the
coarse adjustment on the Bausch and Lomb, release the switch to view the boundary
line (with the Fisher refractometer, you only need to shift your focus upward). If you do
not know the approximate index of refraction, you can simply observe the position of the
borderline and use the prism adjusting knob to bring the borderline to the center of the
viewing field.
This image cannot currently be displayed.
This image cannot currently be displayed.

Figure 3. a. (left) The index of refraction scale (reading 1.4606), and b. (right) a properly
focused and aligned borderline as seen through the eyepiece of the Bausch and Lomb
refractometer.1

Figure 4. View through the eyepiece of the Fisher refractometer.3 In this view the index
of refraction is 1.3330.

With the borderline near the center of view, adjust the compensator dial to remove any
color (it may not be possible to remove all color). Focus the borderline sharply by
adjusting the eyepiece. Bring the borderline into the crosshairs, as shown in Fig. 3b or
Fig. 4, using the coarse (and fine) prism adjust knobs.

Read the index of refraction (by depressing and holding the switch on the left rear of the
Bausch and Lomb, or directly on the Fisher), see Fig. 3a or Fig. 4. Three decimal
places can be read directly from the scale; a fourth place can be estimated.

When you are finished measuring a sample, use a Kimwipe to dab away any remaining
sample. Wash the sample stage with a small amount of wash acetone and gently pat
dry. Close the upper prism case. The upper prism case should be closed at all times,
except when a sample is being loaded or the sample stage is being cleaned.

At the end of the day, clean the sample stage, and close the upper prism case. Turn off
the refractometer. Switch off the water bath, if it was used.
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