General Chemistry II Lab Course: Lab Report

CHEM 1108 - CRN:     22511                                                                  Date: 




Student Name: 

Names of Team Members:
Experiment Number: 
Lab Title: 
Objective: 
Chemical Table:
	Chemical Name
	Chemical Formula
	Molar Mass (g/mol)
	Hazards
	Reference Link
	PPE

	Sodium hydroxide


	NaOH
	39.997 g/mol
	Corrosive
	https://uhdmediasite.uhd.edu/Mediasite/Play/f86298152eeb4a1b9f731a8ee50a462d1d

	Eye/Face Protection: Wear chemical safety goggles. A face shield (with safety goggles) may also be necessary.
Skin Protection: Wear chemical protective clothing e.g. gloves, aprons, boots. 

	Hydrochloric acid


	HCl
	36.46 g/mol
	Corrosive
	https://uhdmediasite.uhd.edu/Mediasite/Play/3319f8fad6df4e8b9b58d7df29f8175e1d

	Eye/Face Protection: Wear chemical safety goggles. A face shield (with safety goggles) may also be necessary.
Skin Protection: Wear chemical protective clothing e.g. gloves, aprons, boots.

	Acetic acid
	CH₃COOH
	60.052 g/mol
	Highly corrosive
	https://uhdmediasite.uhd.edu/Mediasite/Play/f0acc0bec1474463b512775471bea1151d

	Eye/Face Protection: Wear chemical safety goggles. A face shield (with safety goggles) may also be necessary.
Skin Protection: Wear chemical protective clothing e.g. gloves, aprons, boots.

	Sodium acetate


	C2H3NaO2
	82.034 g/mol
	Corrosive
	https://uhdmediasite.uhd.edu/Mediasite/Play/217fb2ff3b5d45cebebe1be3e950c9f91d

	Eye/Face Protection: Wear chemical safety goggles. A face shield (with safety goggles) may also be necessary.
Skin Protection: Wear chemical protective clothing e.g. gloves, aprons, boots.
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Apparatus
For Part 1 and Part 2:
	Materials (Equipment and Chemicals Used)
	Purpose

	Stock Solution of NaOH
[image: image1.jpg]




	Part 1: This is called the titrate and is titrating the KHP.
Part 2: This is called the titrate and is titrating the unknown sample of vinegar.
In both parts, NaOH is used to rinse and fill the burette.

	KHP (Potassium Hydrogen Phthalate)
	Part 1: This is called the analyze and is being titrated by NaOH. It is dissolved in the solution held within the Erlenmeyer Flask.

	Erlenmeyer Flask
	Both Parts: This was used to hold the solution of dissolved KHP in distilled water.


	Ring Stand with Buret and Clamp
[image: image2.jpg]




	Both Parts: The ring stand and clamp attached to the burette were both used to hold up the burette in order to properly perform the experiment. The burette was used to hold the stock solution of NaOH.

	Phenolphthalein
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	Both Parts: Phenolphthalein is used as an indicator in this acid-base titration. It remains colorless in acidic solutions, but turns pink in basic solutions.

	Beaker (100 and 300 mL)
	Both Parts: (300 mL) - This beaker was used to hold the NaOH stock solution.
(100 mL) - This beaker was used to hold the excess NaOH during the draining of NaOH when removing the air bubbles from the tip of the buret.
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	Watch Glass
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	Both Parts: This was used to cover the NaOH stock solution in the beakers.

	Stir Rod
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	Part 1: This was used to dissolve the KHP in the solution of distilled water.

	Pipettes
	Both Parts: This was used to remove some of the excess NaOH stock solution within the buret to accurately fill the burette to the zero mark.
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	Paper Towels
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	Both Parts: This was used to clean up spilled areas and placed underneath the Erlenmeyer Flask during titration to help with the color detection.

	Graduated Cylinder
	Part 1: This was used to measure the 30 mL distilled water.
Part 2: This was used to measure the 5 mL of the unknown vinegar sample.
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	Goggles
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	Both Parts: This was used to cover and protect one’s eyes when performing the experiment.

	Scale
	Part 1: This was used to measure the mass of KHP
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	Funnel
	Both Parts: This was used to help transfer the stock solution of NaOH from the beaker into the buret.
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	Distilled Water
	Part 1: This was part of the solution made with dissolved KHP within the Erlenmeyer Flask.
Both Parts: This was also used to wash and rinse the flasks in between each trial.
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	Scoopula
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	Part 1: This was used to transfer the solid KHP into the Erlenmeyer Flask.


	Unknown Vinegar Sample
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	Part 2: This is called the analyte and is being titrated by NaOH. It is held within the Erlenmeyer Flask.

	Sink
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	Both Parts: It is used during a rinse of flasks, beakers, and graduated cylinders to get rid of the unwanted substances.


Theory
1) Standardization is the process to determine the exact molar concentration of a solution for the purpose of acting as a standard. In the context of our lab, we are standardizing a NaOH solution to determine a more accurate concentration.
2) A reference standard is a substance of known composition equivalence (acid base) that is used as a reference point to determine many properties such as molarity.
3) The reference standard in the context of our experiment was the KHP, which we knew the composition of. Because we knew the composition and that it was monophonic, we were able to figure out how much base is needed to neutralize the KHP in solution. The purpose (step 1) is to “calibrate” our basic solution to a solution of known concentration. After measuring the grams of acid we used in a trial, we are able to use dimensional analysis to determine the moles of NaOH is required to neutralize the acid and by dividing the moles by the volume of NaOH in liters, we can determine an accurate reading of the solution’s concentration.
4) [image: image27.jpg]


NaOH(aq) + HKC8H4O4(aq) → H2O(l) + Na+(aq) + KC8H4O +(aq)
5) Endpoints during a titration are the point at which the indicator will change from one color to another. Equivalence points are when enough titrate is added to completely neutralize the analyze. When a titration is “overshot” more titrate is added than is required to completely neutralize the analyze.
6) The composition of vinegar from our experiment is 5.06% acetic acid
7) HAc(aq) + NaOH(aq) → H2O(l) + Na+(aq) + Ac-(aq)
8) To figure out the density of a solution, we first must know how much acetic acid and water is present in the solution. We can figure out the amount of acetic acid through
Titration and deduct the mass of water since vinegar is a solution made from only water and acetic acid. Once we have the mass of both water and acetic acid, we divide the total mass by the mass of acetic acid divided by the density of glacial acetic acid plus the mass of water divided by the density of water which is one. In the numerator, we have mass of solution and in the denominator, we have the volume and mass over volume gives us the density of the solution.
Procedure
Part 1
1. Gather all the materials: stock solution of NaOH, KHP (Potassium Hydrogen Phthalate), 125 mL Erlenmeyer flask, ring stand with burette and clamp, phenolphthalein, 100 mL beaker, watch glass, stir rod, and scale.
2. Obtain about 150 mL of the stock NaOH solution in a clean, dry beaker. Cover with a watch glass.
3. Rinse the burette with three portions (about 5 mL) of the NaOH solution. Drain each NaOH rinse and discard into the sink.
4. Fill the burette with NaOH to the zero mark.
5. Remove air bubbles from the tip of the burette by draining the NaOH into a small beaker.
Read the NaOH level to within ±0.02 mL and record this value.
6. Weigh a clean 125 mL Erlenmeyer flask to ±0.01 gram. Add 0.6 to 0.7 g of KHP (potassium acid phthalate; HKC8H4O4). Re-weight the beaker and contents to ± 0.01 grams. Record the mass.
7. Dissolve all the KHP in water by adding about 30 mL of distilled water to the flask and stirring with a glass rod (If necessary, warm the solution to dissolve all the solid acid).
8. Add 3 to 4 drops of phenolphthalein indicator to the KHP solution in the Erlenmeyer flask.
9. Place the flask containing the acid solution and indicator under the buret. Add NaOH from the buret to the flask with swirling until the color of the solution in the flask is a faint pink. The faint pink color should last only 45 to 60 seconds. There should be a one-drop difference between when the solution is colorless and when it is pink. If too much base is added, discard the solution and repeat the titration.
10. When proper end point is reached, read and record the final NaOH volume to within ±
0.02 mL.
11. Discard the contents of the Erlenmeyer flask into the sink and wash the flask to start the next trial.
12. Repeat the titration procedure a minimum of 4 times by following steps 3-10.
13. Calculate the molarity of the NaOH from the four trials.
14. Find the standard deviation of the molarity values.

Σ(X−X) 2
 SHAPE  \* MERGEFORMAT 



n−1
15. Find the parts per thousand for the four trials.
 standard deviation mean molarity
16. If the value for PPT is 3.000 or less, the lab is finished. If not, more trials must be done to increase the precision of the experiment until you possess results from the trials with a PPT of 3.000 or less.
Part 2
1. Gather all the materials: stock solution of NaOH, 15 mL of unknown vinegar sample, 125 mL Erlenmeyer flask, ringstand with buret and clamp, phenolphthalein, 100 mL beaker, watch glass, and stir rod.
2. Measure out 15 mL of the unknown vinegar sample.
3. Add 3 drops of phenolphthalein.
4. Rinse your buret with sodium hydroxide being careful of air bubbles.
5. Titrate with the vinegar until the endpoint is reached.
6. Calculate the unknown molarity of the vinegar solution and use that to calculate what percent of the solution is acetic acid.
7. Repeat this a second time and check with the teacher to ensure your percents are accurate.
Data
	Trial
	Beaker (g)
	Beaker
+KHP (g)
	KHP (g)
	Base (mL)
	Molarity (M)

	1
	68.221
	68.875
	0.654
	34.3
	0.0934

	2
	101.822
	102.485
	0.663
	34.7
	0.0936

	3
	95.379
	95.985
	0.606
	31.9
	00930

	4
	83.054
	83.058
	0.604
	31.7
	0.0933

	5
	N/A
	N/A
	0.671
	35.2
	0.0933


Average Molarity: 0.0933176737 M Standard Deviation: 1.932276153 x 10^-4 M
PPT: 2.07
	Trial
	Volume of Base
	Volume of Vinegar
	Molarity

	1
	44.8 mL
	5.00 mL
	0.836 M

	2
	45.8 mL
	5.00 mL
	.855 M


Average Molarity: 0.845 M Average Volume: 45.3 mL
Percent by Mass of Acetic acid: 5.06% Percent by Volume of Acetic acid:
For 45.8 mL: 4.84%
For 44.8: 4.78%
Calculations
Part 1
NaOH (l)


+ KHP (aq)


→ H 2O(l) + NaKC 8H 4O4
Weight of KHP

= weight of beaker & KHP

− weight of beaker
Weight of KHP

= 68.875g

− 68.221g
Weight of KHP = 0.654g
molarity of NaOH =

(weight of KHP )( 
1
)( 1 mole H +

)( 1 mole OH − )( 1 mole NaOH )( 
1

 SHAPE  \* MERGEFORMAT 



molar mass of KHP
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1 mole KHP
1 mole H +

1 mole OH −

the amount of NaOH used
molarity of NaOH =

(0.654g)( 1 mole KHP )(  1 mole H +   )( 1 mole OH − )( 1 mole NaOH )(    1
)( 1000 mL )
 SHAPE  \* MERGEFORMAT 
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204.33g
1 mole KHP
1 mole H +

1 mole OH −

34.3 mL
L
molarity of NaOH = 0.0933652698 M
Average molarity

 sum of all the molarity
5
Average molarity =

0.0933652698 M + 0.0935590454 M + 0.0930215709 M + 0.093299519 M + 0.0933429635 M 
5
Average molarity = 0.0933176737 M
Average molarity = 0.0933 M
Σ(X−X) 2
 SHAPE  \* MERGEFORMAT 



n−1
(0.0933652698 M − .0933176737) 2+(0.0935590454M −0.0933176737) 2+(0.0930215709M −0.0933176737M ) 2+(0.093299519−0.093317
5−1
σ = 1.932276153 * 10 −4
σ = 1.92

* 10 −4
standard deviation mean molarity
1.932276153*10 −4
0.0933176737
ppt = 2.070643294
ppt = 2.07
Part 2
Average volume of base = (sum of all the molarity)/(number of trials)
Average volume of base = (44.8mL + 45.8mL)/2
Average volume of base = 45.3mL
molarity of acid = (average volume of base)(molarity of base)( 1 mole  acid )( 
1
)
1 mole base
volume of acid
molarity of acid = (45.3mL)(0.0933176737M )( 1L )( 1 mole acid )( 1 )
1000mL
1 mole base
.005L
molarity of acid = .845 M
Gram of acid = (average volume of base used)(molarity of base)( 1 mole acid )(GFM of acid)
Gram of acid = (45.3mL)(.0933176737M NaOH)( 1L )( 1 mole acid )( 60.052g acid )
Gram of acid = 0.2538572551 g acid

1000mL

1 mole base
1 mole acid
Gram of acid = 0.254g acid
Volume of acid = (gram of acid)( 
1
)
Volume of acid = 0.2538572551 g acid(   1mL
)
Volume of acid = 0.2417688144 mL acid
Volume of acid = 0.242 mL acid
% by volume = (volume of acid)/(the total volume)
% by volume = (0.2417688144 mL acid)/(5 mL solution)
% by volume = 4.84 % by volume
Volume of H2O

= volume of solution − volume of acid
Volume of H2O = 5.00mL − 0.2417688144mL volume of H2O = 4.758231186mL H2 O
Gram of H2O = (volume of H2O)(density of H2 
Gram of H2O = (4.758231186mL)(1g/mL)
Gram of H2O = 4.758231186g gram of H2O = 4.76g
% by mass = (mass of acid)/(total mass)
% by mass = (0.2538572551 g acid)/(0.2538572551 g acid + 4.758231186g H2 O)
% by mass = 5.06 % by mass of vinegar
Conclusion:
From the experiment, the group was able to determine the percent composition of acetic acid by volume of vinegar to be 4.84% and 5.06% by mass. In the process of doing so, the average molarity of the NaOH stock solution was determined to be 0.0933 M. The molarities that
we obtained as the four most accurate trials are 0.0934 M, 0.0936 M, 0.0930 M and 0.0933M. The group was also able to obtain a standard deviation of 1.93 x 10^-4 and a ppt of 2.07. The group’s results for the first procedure are accurate and precise as demonstrated by the low value of standard deviation and ppt. The calculated molarity of the stock solution of 0.933M was very close to the actual molarity of 0.10 M. The data from the second procedure can also be declared as precise and accurate. As the percent by mass of the actual vinegar was 5.00%, this was relatively close to our calculated percent by mass of 5.06%.
During the procedure, four trials were discarded due to the usage of different stock solutions of NaOH. Using different stock solutions would produce inaccurate and imprecise results due to their varying molarities. As a result, the group was mandated to start anew and perform trials with only the same NaOH stock solution. One possible source of error from the lab would be undershooting during the titration. As the endpoint is the only visual marker as to the end of titration, the color change in solution from clear to pink may be misjudged. The misjudgment would lead to a difference in the recorded value for molarity of NaOH as it would reduce the value of the volume of base used. Another source of error would be adhesion between drops of NaOH and the Erlenmeyer flask. During titration, there may have been drops of NaOH that stuck to the sides of the Erlenmeyer flask due to the adhesive forces and as a result would not fall into solution. This would alter the quantity of NaOH used, giving it a greater value than what was actually used. Burette misreading would also account as another source of error. Reading the burette incorrectly would also have influenced the recorded values of NaOH as it would give higher/lower values of how much NaOH was used which would later be used in our calculations of finding molarity and percent composition, and further affecting the accuracy of our data. If it
Were to give a greater value of what was actually used, the calculations would result in a greater mass of acetic acid and thus make the percent composition by mass greater and vice versa. As the calculated percent by mass of vinegar was greater than the actual, it is highly probable that we obtained a greater measured value of NaOH. However, although the group’s results were generally both precise and accurate, these potential sources of error would reduce the validity of the results.
Gaussian distribution Curves:
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Sources/Citations for Pictures:
· For Erlenmeyer Flask:
https://www.masterflex.com/i/cole-parmer-elements-erlenmeyer-flask-glass-4000-ml-1-p k/3450265
· For Ringstand with Buret and Clamp:
https://www.amazon.com/Cole-Parmer-Burette-Stand-Kit-Clamp/dp/B01FLP6LUG
· For Phenolphthalein:
https://www.sciencecompany.com/Phenolphthalein-pH-Indicator-1-oz-P6364.aspx
· For Beaker (300 mL): https://global.rakuten.com/en/store/climbing/item/bk300ml/
· For Beaker (100 mL):
https://www.itm.com/fr/produit/corning-1000-100-pyrex-griffin-low-form-100ml-beaker- graduated
· For Pipettes:
https://www.amazon.com/Plastic-Transfer-Pipettes-Graduated-Pack/dp/B005IQTSE0
· For Graduated Cylinder: https://www.brandtech.com/product/graduated-cylinders/
· For Funnel: https://www.homesciencetools.com/product/funnel-plastic-65-mm-diameter/
· For Unknown Vinegar Sample: https://en.wikipedia.org/wiki/Acetic_acid
· For Sink: http://www.kewaunee.com/Accessories/Sinks/KemresinDropInSink/
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