Experiment ADS-CEK-6: Beer’s Law

Background

This experiment explores Beer’s Law by creating a set of dilutions from a stock solution containing red
dye. A colorimeter equipped with a blue LED is used to record voltage readings, whichdare then
converted to absorbance values. By plotting dye volume against absorbance, the relationship between
concentration and light absorption is analyzed.

Beer's Law, also known as the Beer—Lambert Law, describes the linear relationship between the

absorbance of light by a solution and the concentration of the absorbing species. It is fouidational in

analytical chemistry, especially in spectrophotometry. The law is mathematically expressed as:
A=¢-b-c

Where:
* A s the absorbance (no units)
* ¢ is the molar absorptivity (L-mol™"-cm™)
* b is the path length through the sample (cm)

* cis the concentration of the solution (mol/L)

Absorbance (A) is derived from the intensity of light before and after passing through a sample:
A:10g1() (Io / I)
Where:

* I is the intensity of incident light (referénce)

* [ 1is the intensity of transmitted light

Transmittance refers to the fraction of incident light that successfully passes through a sample.

% Transmittance = 10 * 104
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Experiment ADS-CEK-6: Beer’s Law

Equipment Required

PC or Mac Computer

ADS or ADS MAX Board, USB cable, ADS power supply
CTSN-100 Colorimeter and Turbidity Sensor

Red food dye (Optional: Blue, Green, or Yellow)

Cuvettes (8 per dye color)

Distilled water

50 mL beakers (3)

3 mL syringe or pipette for better accuracy (1 per dye color)

Note: To ease setup, connect the sensor to the A-ADS-IA adapter before plugging the adapter into the
board. To disconnect, unplug the adapter from the board first, thefszemowve the sensor.

Setup (ADS)
1. Locate the CTSN-100 Colorimeter and Turbidity,Sensot:

| iWorx Systems Inc.
Name: CTSN-100

Sn.#| Nst 18 10

Figure ADS-CEK-6-S1: CTSN-100 Colorimeter and Turbidity Sensor.
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2. Plug the CTSN-100 into the Channel 1 port on the A-ADS-IA.

Figure ADS-CEK-6-S2: Channel 1 sensor connection on the ADS Board.

Setup (ADS MAX)

If using the ADS MAX, setup instructions will be the same. Channel connections are labeled on the A-
ADS-IA board, as shown below.

Figure ADS-CEK-6-S3: Channel 1 sensor connection on the ADS MAX Board.
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Experiment ADS-CEK-6: Beer’s Law

Exercise 1: Absorption of Red Dye using Blue LED Illumination

Aim: Demonstrate Beer’s Law by preparing a series of dilutions from a base mixture containing red
dye. Use a colorimeter with a blue LED to measure voltage outputs and plot dye volume against
absorbance to analyze the relationship.

Approximate Time: 40 minutes

Procedure:

1. Prepare the Base-Mix by combining 50 mL distilled water and 0.1 mL of'red food dye in a
beaker.

2. Fill a second beaker with distilled water to use for diluting the Base-Mix.
3. Dilute the base mixture to create different dilutions from 100% down to 5% using the table

below.

Base-Mix Base-Mix Vol to Use Added Water'Volume Final Volume
(%) (mL) (mL) (mL)
100 3 0 3

80 2.4 0.6 3
60 1.8 1.2 3
40 1.2 1.8 3
20 0.6 2.4 3
10 0.3 2.7 3
5 0.15 2.85 3

4. Fill a clean, dry cuvette with distilled water using a 3 mL syringe. Check for air bubbles in the
cuvette. If there are visible air bubbles, useiapipette for better accuracy.

5. Mix each each dilution in a separaté’beaker and then into 7 additional cuvettes. Make sure to
label each lid with its percentage value tg avoid mixing up samples.

6. Set the switch on the front of the colosimeter to the ‘Blue’ position. Flip open the lid on the
colorimeter.

7. Insert the distilled watericuvette.into the slot in the colorimeter.
8. Click record to start the recording. Record for 5-10 seconds.

9. Type ‘distilled water’yin the Mark box. Click the mark button or press enter to mark the
recording.

10. Click Stop to halt the recording.
11. Repeat steps,7-10ufor each of the Base-Mix cuvettes (100, 80, 60, 40, 20, 10, and 5%).
12. The recording should look like the image below.

Note: Be sure to mark each measurement reading correctly for accurate data analysis.
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Figure ADS-CEK-5-S1: Recording showing the measured yeoltages,for Base-Mix percentages of 100,
80, 60, 40, 20, 10, and 5%. Marks are placed at each measurement.

Data Analysis
1. Scroll to the section of data showing all Base-Mix percentage marks recorded.

2. Use the Display Time icons on the LabSeribe toolbar to position this section of recording on the
Main window. The required data can also be'selected by:

* Placing the cursors on either side of.the section of data needed. Place one cursor just
before the initial value marksPlace the second cursor just after the final value mark.

* Clicking the Zoom between Cursors button on the LabScribe toolbar to expand the
segment of data to the width ofthe Main window.

3. Enter the analysis window by selecting the Analysis icon at the top of the toolbar. Look at the
Function Table that is abowve the uppermost channel displayed in the Analysis window. The
mathematical functions that are listed should include Mean and Mark. The values for these
parameters from each'channel are seen in the table across the top margin of the channel.

4. Place the cursors on ¢ither side of the first mark. Once the cursors are placed in the correct
positions, the values,canbe recorded in the on-line notebook of LabScribe by typing the names
and values directly into the Journal.

5. The functions inthehannel pull-down menus of the Analysis window can also be used to enter
the names and\values of the parameters from the recording to the Journal. To use these
functions:

» “Place the cursors at the locations used to measure the mean voltage at the first mark.

* )\ Transfer the name of the mathematical function used to the Journal using the Add Title
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to Journal function in the pressure channel pull-down menu.

* Transfer the values to the Journal using the Add Ch. Data to Journal function in the
pressure channel pull-down menu.

6. Measure the values for the following parameters from the pressure channel for all of ithe
selected regions:

* Mean voltage, which is Mean on the Pressure channel.
* Base-Mix percentage, which is Mark on the Pressure channel.

7. Record the values for each of these parameters in the Journal using ong,of the procedures
described in Step 5, and on Table 1.

8. Calculate the Absorbance and % Transmittance for each recorded dilution. Enter these values
into Table 1.

Absorbance: A = log (ITO)

% Transmittance = 100 * 10
Io = Reference (voltage reading for distilled water)

I = Measured voltage of dye solution
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Figure ADS-CEK-6=S2: Recording showing voltage readings for Base-Mix percentages in the Analysis
windowaCursers are placed on either side of the initial Base-Mix reading of 100%. The mean value
between the cursorsiis -0.457.
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9. Calculate the dye volume in each dilution. Convert these values to microliters (uL) and record
them in the table below.

(0.1mLred dye)
(50.1mL total )

Dye Volume (mL) = 0.001996 * Base-Mix Volume

Dye Concentration =

=0.001996 mL dye per mL Base-Mix

Data Table
Table ADS-CEK-6-L1: Data Table for Exercise 1 — Absorbance and Tralwtance
= A
Absorbance and Transmittance Values at different Dye Volumes
Base-Mix % | Base-Mix Volume @ Dye Volume (uL) = Absorbance Trans(rg}l;ct ance
0
100 3 v
80 24
60 1.8
40 1.2
20 0.6
10 0.3
5 0.15
Questions
Exercise 1
1. Using Excel, plot the D in microliters on the x-axis and the calculated Absorbance

values on the y-axis. What do you notice about the trend in the graph?

2. Does the shape of t aph match the expected behavior according to Beer’s Law? Explain.

Optional Exercise 2: Additional Dye Colors

This experiment can be ated using additional dye colors and/or different illumination color settings
on the colorim
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