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Miramar Chem. Laboratory Policy and Procedure 1/20/26 -FG 

 
Welcome to Miramar College's Chemistry 100 laboratory on-line course. Several policies should be for the online lab.  Please be 
sure to read everything carefully and to practice these policies so your safety is not compromised. 

1.   All students are required to have, and wear, safety goggles when conducting experiments.  There are NO 
exceptions to this rule.  Goggles are available for purchase at the bookstore, Home Depot, Harbor Freight or 
Amazon.  If you are not wearing your goggles, do not proceed with the experiments.  If you violate any safety 
rules, then we assume no liability for injuries.  You should use safety goggles for all experiments, even if you 
believe there are no chemicals being used. 

2.   All student will need to purchase a lab kit from KLM BioScientific. https://labsuppliesusa.com/chem-100l/ 

     Chemicals and specific equipment (i.e., digital scale) will be supplied by Miramar College and must be returned if you drop the 
course or complete the course.  If you do not, your transcript will be held back, you will be billed and you will drop a letter grade.  
Please make sure that the equipment and Chemicals provided to you from Miramar College are in separate baggies upon return so 
that the lab tech can sort the chemicals for proper disposal and so that the equipment can be repackage for the next term. 

3.  Students are not allowed work on any experiment or procedure not described in this lab manual.  Students 
should always have another adult in the near vicinity when carrying out experiments. 

4.   The department has a very strong HAZMAT policy.  Absolutely no chemicals—not even things like 
sodium chloride and sucrose are allowed down the sinks.  Contamination of the sewer system with toxic 
chemicals cannot be compromised.  All spent chemicals should be placed in a plastic (water) bottle and turn in 
to the Chem Department at Miramar College.  Violation of this rule will result in a grade adjustment and a hold 
on your transcript. 

5.   The MSDS library contains hazardous information for all chemicals used in this course and can be via the 
Google search engine. https://www.msdsonline.com/sds-search/ 

6.  Students should not be distracted when working on experiments.  Do not multi-task.  Cell phones should be 
turned off when working on this lab.  Small children should be far away as to not be in contact with any 
chemicals or supplies.  Another adult must be present.  If it is an emergency, call 911 immediately.  If a hospital 
visit is required, being along the lab manual so doctors know what chemicals you were exposed to or so they 
know the content of what caused the accident.  Contact your instructor when it is safe to do so and describe the 
events that led to the emergency.  

7.  You may be using the alcohol burner or your stove.  Be careful when handling these items and be sure there 
are no children in harm-way.  Have a fire extinguisher near-by.  There is direction in Canvas on how to use the alcohol burner.  The 
alcohol burner will require rubbing alcohol as a source of fuel. 

8.   One of the safety equipment needed for this course is a first-aid kit.  Be sure you have access to the kit.  You should also have a 
hand broom and dustpan available in case spills or broken glass occur.  Contact a lab tech or your instructor in the event of any 
chemical spill.  It is mandatory to report all accidents to the instructor. 

09.  It is the responsibility of all students to clean the laboratory when completing the lab procedure.  Do not push the responsibility 
to others such as your spouse or significant other.  All students should clean messy work area and sink areas and in general, pick-
up after themselves.  Regularly leaving your work area without consideration will eventually catch up with you and your experimental 
results. 

 

Special Thanks to Dr. Leigh Plesniak for reviewing and correcting the lab manual. 
If you need to contact the lab tech for this course, please email them. 
Bryce Thompson.    (619) 388-7826          bthompson001@sdccd.edu 
Jessica Kramer.    (619) 388-1291            jkramer@sdccd.edu 
 

© Jun 2025, Chemistry 100L, Lab Packet for Miramar College, Fred Omega Garces 

 
All rights reserved. No part of this publication may be reproduced, distributed, or transmitted in any form by any means, including photocopying, recording, or 

other electronic methods without the prior written permission of the author, except in the case of brief quotations embodied in reviews and certain other 

noncommercial uses permitted by copyright law. For permission requests, write to the author at the address below. 

Fred Omega Garces 

10440 Black Mt. Road 

San Diego, CA 92126 

Website:  http://fogarces.com/  

 

https://www.amazon.com/Gateway-Safety-32391-Traditional-Technician/dp/B00FA4RNQ0/ref=asc_df_B00FA4RNQ0/?tag=hyprod-20&linkCode=df0&hvadid=198055185038&hvpos=&hvnetw=g&hvrand=15698904684231265982&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9061215&hvtargid=pla-348913752706&psc=1
https://urldefense.proofpoint.com/v2/url?u=https-3A__labsuppliesusa.com_chem-2D100l_&d=DwMFaQ&c=Nk1UtDBliM_fW3DCK8CoTNhFqaER3tCmN6o4Lel0Rw4&r=PjL7fZPMdqK5uGbUGKUhdWoBpcHWDp-9P506rCT5fzg&m=WZKPnWeE2JuZ4Il0ciGXA1cuQ4P-BL3DbpktisBsmV8&s=RwKPzPQ9g378xZJiMtTiTl1kW-KpLKNIzztmDdDZSck&e=
https://www.msdsonline.com/sds-search/
mailto:bthompson001@sdccd.edu
mailto:bthompson001@sdccd.edu
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Material, Chemicals, and Equipment  Online Chem 100 Laboratory 
Scroll to the end of the document to see illustrations of equipment and Supplies 

 

Safety Photo, Safety Quiz 
Safety photo requires you to purchase these supplies- 
You must take a photo Equipment Kit from KLM Chemicals from Miramar Equipment from Miramar 

of yourself showing Lab Coat or Apron  Safety googles  Surgical gloves  

safety equipment Fire Extinguisher  First-Aid Kit  Oven mitts  Baking soda 

 
Experiment #1:  A Penny for Your Thought; Scientific Method Introduction 

Equipment and Chemicals (Total Time 60 – 90 min.) 
Equipment and Chemicals 

KLM Equipment 100-ml graduated cylinder  Petri Dish   Berel pipet Wash bottle 

Miramar supply 10% HCH3CO2 (Acetic Acid) 

Pre-cut pennies, pre-80, and post-83 

Forceps  

Metric ruler 

Digital Pocket Scale 

Weighing boat  

You supply Pennies (1960 – 2000)  
 

 
Experiment #2:  Measurements, Metric System and Density of Irregular Object 

Equipment and Chemicals (Total Time 60 – 90 min.) 
Equipment and Chemicals 

KLM Equipment 100-mL beaker 5 mL grad cylinder* 13 x 100mm small test-tube 

 250-mL beakers  50 mL grad cylinder Thermometer  

 400-mL beaker 100 mL grad cylinder Wash bottle  

Miramar supply Digital Pocket Scale 

Metric Ruler 

Cube 

Weighing boat 

Berel pipet  

You supply Measuring tape Scientific Calculator String or sheet of paper  
 

 
Experiment #3: Studying Density, Solubility and Miscibility of liquids.  

Equipment and Chemicals (Total Time 60 – 90 min.) 
Equipment and Chemicals 

KLM Equipment (3) 13 x 100 mm TT w/ +stoppers 5-mL grad cylinder   

Miramar supply Different Unknown Liquid A, B and C 

Colored water  

Digital Scale 

Berel Pipettes 

Stirring rod w/ policeman 

(1)  20 x150mm TT w/ +stoppers 

Forceps 

You supply None required    
 

 
Experiment #4: Separation of a Ternary Mixture   This Lab will be a video Simulation since we do not have iodine or cobalt chloride 

Equipment and Chemicals (Total Time 60 – 90 min.) 
Material and Chemicals 

KLM Equipment Alcohol burner w/ stand 

 (rubbing alcohol for fuel) *  

(3) 13 x 100mm Test tube 

100 mL beaker 

250mL beaker 

400mL beaker 

Wash bottle  

Spatula 

 

 

Miramar supply Cobalt (II) chloride Hexahydrate 

Iodine crystals 

Sand 

Stirring rod w/ policeman  

Evaporating dish 

Crucible tong 

Berel pipet  

Forceps 

wire gauze 

You supply: distilled water ice cubes  oven mitts 
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Experiment #5: Observing and Writing Chemical Equations 
Equipment and Chemicals (Total Time 60 – 90 min.) 
Material and Chemicals 

KLM Equipment (1) 18x150mm test tube 400mL Beaker Petri Dish Spatula 
 (2) 13x100 test tube 100mL Beaker Wash bottle Forceps 
 Alcohol Burner/Stand Watch glass Berel pipet Thermometer 
Miramar supply calcium oxide (lime water) Magnesium metal strip Phenolphthalein (save for Expt 9) 
 Ethanol (or rubbing alcohol) copper shots sucrose (sugar) straw 
You supply: Acetic acid (vinegar) Table Spoon sodium bicarbonate (baking soda)  
 Hot/Oven mitts   NaCl (table salt) 9-V Battery (student supply) 

 

 
Experiment #6: Counting by Weighing via the Mole 

Equipment and Chemicals (Total Time 60 – 90 min.) 
Material and Chemicals 

KLM Equipment 50-mL grad cylinder Spatula Wash bottle 

  

Miramar supply Digital Pocket Scale 
Forceps 
Berel pipet 
Weighing boat 

Lego Bricks 
Bolt  
HexNuts  
Bolt-HexNut  

Bolt-(HexNut)2 
Bolt-(HexNut)3  
Bolt-(HexNut)4 
Packet of sugar 

You supply Distilled water   
*  As an option, you can use the burner from your stove to heat the beaker and evaporate the solutions 
 

 

Experiment #7: Ideal Gas Law Simulation:   No Equipment necessary 
 You may work with a gas chamber simulation for this experiment. 

Equipment and Chemicals (Total Time 60 – 90 min.) 
Lab Simulation, no equipment, and chemicals necessary 

 
Experiment #8: Determination of the Conc. of Total Dissolved Solids 

Equipment and Chemicals (Total Time 60 – 90 min.) 
Material and Chemicals 

KLM Equipment Alcohol burner with stand (or stove) 
Wash Bottle 

(3) 100mL Beaker or 
(1) 400mL Beaker 

5 mL Grad cylinder 
Watch Glass 

(3) Petri dish 

Miramar supply (1) Saltwater solutions, same conc. (Split to 3 samples) 
stirring rod w/ policeman 
Evaporating Dish 

Wire gauze 
Spatula 
 

Berel Pipette 
1 crucible tong 
 

You supply: Digital Pocket Scale  Hot/Oven mitts Hair dryer (optional)  
*  As an option, you can use the burner from your stove to heat the beaker and evaporate the solutions 
**  You will be given 1 vial of unknown solution.  You will need to split it to 3 samples so you can do your experiment in triplicate. 

 
Experiment #9: Titration of Vinegar  

Equipment and Chemicals (Total Time 60 – 90 min.) 
Material and Chemicals 

KLM Equipment: (1) 20 x 200 mm Test tube 5 mL graduated cylinder  Wash bottle 
 (3) test tube 18x150mm 400mL beaker  
Miramar supply:  Unknown Vinegar Solution 

 Phenolphthalein (from Ex 5) 
~ 0.4 M NaOH solution  
Hydro-ion Paper 

Stirring rod w/ policeman  
(5) Berel pipet 

 

You supply: Distill water White printer Paper   
 

 

Important Notes: 
Upon receiving the scales from Miramar college and other important equipment, make sure it is in properly working. Be sure the batteries 

are properly working and that the scale is set for grams.  Be sure that the glassware does not have cracks or stars. 
 

The fuel for the alcohol burner is isopropyl alcohol or rubbing alcohol.  
 

When you receive the lab chemical supplies from Miramar College double check to make sure that all the chemicals listed for the experiment 

are present. 

 

Read the list above and make sure to acquire all “You supply” materials before performing each experiment. 
 

https://www.youtube.com/watch?v=XkPU8KQ0zXs
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Equipment Requirement for Experiment   
It is important to check the chemicals and equipment/supplies inventory upon receiving from Miramar College and a week prior to the next 
experiment. 

 
# QTY DESCRIPTION EXPERIMENTS TO BE USED 

First half of Term                    Second half of Term 

       KLM Equipment List 

E1 
Penny, 

Sci 
Method 

E2 
Meas 
and 

Metric 

E3 
Density 
Liquids 

E4 
Sep  

Mixture 

E5 
Obs 

ChRx 
E6 

Mole 

E7 
Gas 

Simul 

E8 
Conc 
Salt 
Soln 

E9 
Titr 

Vinegar 

1 1 Alcohol Lamp (Burner)       1 1     1   

2 1 Alcohol Burner Stand       1 1     1   

3 3 Beaker (100ml)   1   1 1     3 1 

4 1 Beaker (250ml)   1   1          

5 2 Beaker (400ml)   1   1 1     1   

6 1 Thermometer, Alcohol   1     1         

7 1 Spatula       1 1 1        

8 1 Watch Glass - 90 mm         1         

9 3 Petri dish 1       1     3   

10 1 Test tube brush         1         

11 5 Test tube (13x100 mm)    1 3 3 2         

12 5 Test tube stopper (13x100mm)     3   2         

13 5 Test tube (18 x150mm)     1   1       4 

14 5 Test tube stopper (18x150 mm)         1         

15 1 Cylinder (5ml)   1 1           1 

16 1 Cylinder (50ml) 1 1       1   1   

17 1 Cylinder (100ml)   1               

18 1 Wash bottle (250 mL) 1 1   1 1 1   1 1 
            

 Miramar College Equipment List 
1 1 Stirring rod with Policeman **     1 1       1 1 

2 4 Weigh boat (2") 1 1       2      

3 1 Evaporating dish **       1 1     1   

4 6 Berel Pipets (droppers)  1 3 1 1 1   1 6 

5 1 Wire gauze **       1       1   

6 1 Forceps (Tweezers) ** 1 1 1 1 1 1     

7 1 Metric Ruler, 15 cm 1 1          

8 1 Crucible Tongs **    1 1    1  

9 1 Straw      1      

10 1 Scale (200 + 0.05g) ** 1 1 1   1  1  
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Check-in and Safety 
DESCRIPTION KLM CHEM 100LSupply Kit 

(1) Alcohol Burner  
(1) Alcohol Burner Stand 
(3) 100 ml Glass Beaker 
(1) 250 ml Glass Beaker 
(2) 400 ml Glass Beaker 
(1) Thermometer (alcohol) 

(1) Spatula 
(1) Watch Glass (90 mm) 
(1) Test tube brush 
(5) 13 x 100mm Test tubes 
(5) 13 x 100mm Test Tube Stopper 
(5) 18 x 100mm Test tubes 

(5) 18 X 150mm Test Tube Stopper 
(1) 5 mL (or 10mL) PP Grad Cylinder 
(1) 50 ml PP Graduated Cylinder 
(1) 100 ml PP Graduated Cylinder 
(3) Petri Dish 
(1) 250 ml Wash Bottle 

Supply Equipment from Miramar College 
()1 Forceps 
(1) Wire Gauze 
(1 Stirring Rod with Rubber Policeman 
 (1) Evaporating Dish 

(4) weigh boats (~ 2") 
(1) Metric Ruler, 15 cm 
(6) Berel Pipets (disposable plastic) 
(1) Crucible Tongs 

(1) Plastic Straw 
(1) Spatula 
(1) Digital Scale 

 

Equipment and Supplies from KLM and Miramar College for Chem 100 Online Lab 

Some of these items may have changed. 

 

Equipment and Supplies from KLM for Chem 100 Online Lab 

You must purchase lab coats, safety goggles and nitrile gloves.  You can find these at the bookstore or Amazon. 

Miramar College will supply the digital scales other supplies and chemicals.  
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Miramar College Chemical Supply List 
 Chem 100 L Online  

 
Experiment # Chemicals 

Expt 1 Penny  10% Acetic Acid, CH3COOH (1 - 3 mL) 
Pieces of cut up pennies (pre-82 and post-83) 
If you cannot find pre-182 pennies, the data will be provided 

Expt 2 Measurements Plastic Cube (variation) 

Expt 3 Density, Solubility and miscibility 3 liquids, A (1.5 ml), B (2.0 mL) and C (2.5 ml).  
Possible Unknown Chemicals are:  Glycerol, detergent, ethylene glycol, 
vegetable oil, mineral oil, isopropanol, 30% saline  
Colored Water 

Expt 4 Separation of mixture (Video Lab) Sand 
Cobalt(II) Chloride  Hexahydrate 
Iodine 

Expt 5 Observation Chem Rxn Copper shots, Cu 
Calcium Chloride (Lime Water). CaO (10 - 20 ml) 
Magnesium Strip, Mg 
Acetic Acid, CH3COOH (1 -3 ml) 
Phenolphthalein (save for Expt 9) 
Sucrose, C12H22O11 
Ethanol (or rubbing alcohol) (2- 3 mL) 
Sodium Chloride, NaCl (student provides) 
Baking Soda, NaHCO3 (student provides) 

Expt 6 Mole 12- HexNut 
5 - Bolt 
BN (5 possible) 
BN2 (5 Possible) 
BN3 (4 possible) 
BN4 (3 Possible) 
Lego Bricks (2-E, 2-F) 
Sugar (tech from MMC provide) 

Expt 7 Gas Simulation None 

Expt 8 Concentration Unknown Salt solution, 1 samples same concentration (Split 3 ways) 

Expt 9 Titration of Vinegar Phenolphthalein (From Expt-5) 
(3 or 5%) Acetic Acid, CH3COOH (1 large aliquot, that must be divided) 
0.400 M NaOH (30-40 mL)  
Hydro-ion Paper (5 strips)  

 

Please clean up chemicals and Equipment after each experiment but especially after the last experiment of the semester. 

Please follow the instructions below to help us recover the essential supplies so we can dispose of waste chemicals properly. Not 

following these guidelines will reflect on your lab technique score. Prepare your used chemicals and supplies for return.  

It is essential to make sure all chemicals used, and unused are separated from the equipment in different plastic baggies.   

1. Place all liquid chemical waste in an empty plastic bottle and secure the lid. Write your name CSID and instructor's name on 
the bottle or a label attached to the bottle.  

2. Take the unused chemicals and place them in a clean quart-size baggie. Make sure the baggie is moisture free. 

3. Clean all equipment and separate the KLM supplies from the Miramar College supplies/equipment. 

4. For the Miramar College supplies, separate the plastic equipment (Berel pipet, weighing boat, straw) from the other metallic 
supplies and place them in a quart-size baggie.  

Take the remaining supplies and ensure all metal equipment is clean and dry. If the item is damaged, indicate so with a sticky 
note. Next, place these items in another clean empty quart-size baggie.  

5. Write your name, CSID, and instructor's name on an index card and place it in the gallon-size baggie. 

6. Secure the gallon-size baggie containing the three smaller baggies and bring these to Miramar on the final exam day.   

7. Drop off these items in the designated supply drop box per directions your instructor will give you on the day of the final exam. 
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Chem100L, what you need to do to complete the experiment and upload it to Canvas 

The next two pages are also found in your lab manual. 
 

Checklist: All Canvas uploads must be a single pdf file containing all pertinent information such as college ID. 

     All uploaded documents must have the correct file name. 
 

 Prelab 

1. Prelab Questions in Canvas 
2. Prelab Worksheet upload  

 Datasheet 

1. Complete Datasheet with experiment photo and ID. 

2. Datasheet upload  

 

 Post-Lab 

Prelab Questions in Canvas 

Prelab Worksheet upload  

 
Details of what to do for each experiment. 

Preparation for Experiment 

1.  a) In the module page in canvas, go to the information section and download the experiment which should include the prelab, 

data sheet and post-lab. 

      b) Alternatively, you can go to the lab manual for that experiment where you will find the prelab, datasheet and post-lab. 

2.  Read the entire experiment and pay attention to the safety notes. 

3.  Check your equipment and chemicals to make sure you have all items necessary to complete the experiment. 
 

Prelab 

1.  Complete the prelab worksheet.  Place your ID on top of the page of your worksheet (making sure you do not block any of 

your answer).   

2.  Take a photo (or scan) each page.  If there are multiple pages, convert to a single pdf with proper filename. 

3.  Go to Canvas and answer the canvas questions for the prelab.  Note that the questions may be slightly different from the 

worksheet 

4.  On the last question of the canvas prelab, upload the prelab worksheet. 

5.  Upon completion, submit the canvas prelab quiz. 
 

Datasheet 

1. Work on the experiment procedure paying to any safety notes 

2.  Fill in the datasheet as measurements are taken.  Be sure to include your observations. 

3.  Take photos of the critical procedure as directed in the lab instructions.  Place your ID in front of all photos taken. 

4.  Complete calculations and any other questions in the datasheet. 

5.  Scan your datasheet (which shows your ID) and combine with photos.  Each photo should be in its own page. 

6.  Convert the scan pages to one pdf file and give it the proper filename 

7. Upload the datasheet pdf file.  Remember that experiment photos must be included, each page should have your ID shown. 
 

 Post-lab 

1.  Complete the post-lab worksheet.  Place your ID on top of the page of your worksheet (making sure you do not block any of 

your answer).   

2.  Take a photo (or scan) each page.  If there are multiple pages, convert to a single pdf with proper filename. 

3.  Go to Canvas and answer the canvas questions for the post-lab.  Note that the questions may be slightly different from the 

worksheet 

4.  On the last question of the canvas post-lab, upload the prelab worksheet. 

5.  Upon completion, submit the canvas prelab quiz. 

 

To see how to create scan pages, jpg or png files to a single pdf, see Pdf conversion and Upload.pdf  In the module page. 
To see how to include ID with worksheet or photo, see the syllabus. 

Filenames should be in the format: Lastnamefirstinital_AssignmentTitle_Date 

 

https://sdccd.instructure.com/courses/2440207/modules/items/43155124
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Showing college ID photos in your datasheet and experiment photos. 
Submitting your lab (Experiments and Activity).  The following is the procedure and format for uploading your work in Canvas. 

A.  Always show College ID or redacted driver’s license on all paper submitted.  See example 

B.  Be sure that the file name is correct.   

      lastnamefirstinital_title_monthdate   i.e., IndobM_A1mathBasic_Jun27 

C.  Work must be legible including Photos. 

D.  The submitted page must be a pdf format and one file. See examples.  

For more information on this, please go to the orientation video from last semester and 

go to the 39:30 Mark  Orientation Video 

 
 
 
Convert files to PDF 

PC Mac 

MS Word 
Click the Microsoft Office Button, point to the arrow next to 

Save As, and then click PDF or XPS. In the File Name list, 

type or select a name for the document. In the Save as 

type list, click PDF. If you want to open the file immediately 

after saving it, select the Open file after publishing the 

check box. 

On your Mac, open the document you want to save as a PDF. 

Choose File > Print. Click the PDF pop-up menu, then choose 

Save as PDF. 

Google Doc 

Select a document that you wish to download as a PDF 

and open it. Go to “File”, next click “Download as” and 

finally choose “PDF Document”. It should download into 

your Downloads, or it will have an option to save into your 

desired folder. 

1. Open Google Chrome and browse to the webpage you wish 

to save as a PDF. ...  

2. In the “Print” window, click on the “Change” button 

underneath the print “Destination” 

3. Under “Local Destinations”, select “Save as PDF” 

4. Click on “Save”. 

Image of photo 

Open the image on your computer. Go to File > Print or 

use the Command+P keyboard shortcut. In the Print dialog 

box, select the PDF drop-down menu and choose Save as 

PDF. Choose a name for the new PDF and select Save. 

1. Open the image you'd like to convert with the Preview app 
on your Mac. 

2. In the top left corner, click File → Export as PDF… 
3. Choose a file name or use the default, pick a save to location, 

click Save. 

Jpg to pdf on a PC, multiple pages 
https://www.youtube.com/watch?v=ZO7RjdRARl0 

Jpg to pdf Trick on a mac 
https://www.youtube.com/watch?v=u-wV3OlFUGg 

Several Images (Batch Process) 
https://windowsreport.com/images-pdf-windows-10/ 

Several Images (Batch Process) 
https://www.macrumors.com/how-to/convert-images-to-pdf-
macos-preview/ 

Scan Documents with your phone 

Scan documents using your Android 
https://www.youtube.com/watch?v=FWlVYd2Zc-E 

Scan documents using your iPhone 
https://www.youtube.com/watch?v=7JNmdFtvNv8 

 

DL that is redacted  

Datasheet and photo with ID on each page  Screenshot with ID included, pasted in screenshot 

& photo of expt photo with ID placed over the monitor 

Do not submit double-page  
Minimal or no credit given  

https://cccconfer.zoom.us/rec/play/U566hM0_fjd4T7glV6AMwVuDP3xvdHiddtCGkskai-0RT6asNUl96WzmMcUoKZBzkfdL4pT_tjpEvDOw.-JInkIqsnQe2GzN3?continueMode=true&_x_zm_rtaid=usZ0wyrVSA-M1Jdvdloz7w.1644406888768.d6df31c79678d37afa6713df13342827&_x_zm_rhtaid=302
https://www.youtube.com/watch?v=ZO7RjdRARl0
https://www.youtube.com/watch?v=u-wV3OlFUGg
https://windowsreport.com/images-pdf-windows-10/
https://www.macrumors.com/how-to/convert-images-to-pdf-macos-preview/
https://www.macrumors.com/how-to/convert-images-to-pdf-macos-preview/
https://www.youtube.com/watch?v=FWlVYd2Zc-E
https://www.youtube.com/watch?v=7JNmdFtvNv8
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Proper Lab Techniques and Safety Rules 
 

Proper lab techniques ensures that your carry out the experiment so that you obtain the best possible results (and report) while 

conducting the procedure in a safe manner.  Part of the umbrella of proper lab technique is conducting the experiment in a safe 

manner.  The safety of yourself and your classmates is of paramount importance while in the laboratory.  In the laboratory the 

chemist works with many potentially dangerous substances and equipment.  The most general rules for safe laboratory operations 

are, be alert, stay alert, and take the trouble to understand what you are doing, and the potential hazards associated with the 

operation you are performing.  The primary safety rule is to familiarize yourself with the handling with the hazards and then to do 

nothing that will endanger you or others. 

 

1. Always wear safety glasses to protect your eyes from chemicals and broken glassware. 

2. Shoes covering the tops of feet must be worn while working on experiments. 

3. Never work alone in the laboratory - another adult should be able to be present when you are conducting the experiment. 

4. Use ventilated area or turn on the vent over the stove when working with procedure that generates gases and fumes, or when 

conducting procedures involving flames.  You can turn on the fan vent on your kitchen stove. 

5. Never heat excess organic solvents (alcohol, hexanes, etc.) in an open vessel over an open flame.  Excess is considered 

greater than 1 tablespoon.  Organic solvents are highly flammable so only hot plates, or a heating mantle should be used 

around these flammable liquids.  

6. Avoid pointing the mouth of a vessel that is being heated toward any person in the vicinity, including yourself. 

7. Never heat chemicals of any kind in a fully closed system - the system must be open to air to prevent pressure build-up & 

explosion.  An example of what not to do is placing a stopper on a test tube and then heating the content. 

8. Never add anything (including water) to concentrated acid - instead slowly add acid to other substances to avoid acid splashing. 

9. Lubricate glass tubes & thermometers with cooking oil then hold with a towel or thick gloves when pushing through a rubber 

stopper.   

10. Never pipet anything by mouth - especially toxic or corrosive substances. 

11. Immediately sweep up spill on the digital scale.  Clean up all spills immediately in your work area. 

12. Be sure to label all chemical containers correctly and as soon as you prepare the containers. 

13. Do not perform any unauthorized experiments.  These are experiments not described in this manual. 

14. Beware of hot glassware – heated glass looks cool long before it can be handled safely. 

15. Never throw matches, litmus, or any insoluble solids in the sink. 

16. Avoid using excessive amounts of reagents - 1 to 3 mL is usually ample for test tube reactions. 

17. Do not lay down the bottle stoppers.  Impurities may be picked up and contaminate the solution when the stopper is returned.  

Always lay down paper towels or towels in the area you are working, that way you do not contaminate your work area.  Wash 

the towel if contaminated. 

18. Do not heat thick glassware such as volumetric flasks, graduated cylinders, or bottles; they break easily with heat.  Always 

check glassware for stress and fatigue such as stars and cracks before using.  Do not use the glassware if you suspect it will 

break upon usage. 

19. Never pour anything back into a reagent stock bottle - take out only the amount that is to be used. 

20. Tie back long hair and refrain from wearing flowing, fluffy clothing - both are fire hazards in the laboratory. 

21. Be sure you have knowledge of exits, PPE,  fire extinguishers, first aid kits, & other safety devices in the laboratory.  You must 

have in possession or have access to, fire extinguisher, PPE (personal protective equipment) and first aid kit before you start 

the experimental procedures.  If you do not show evidence of the safety equipment, you will lose in your experimental score. 

22. Go to the grocery store and purchase a jug of distilled water for this course.  Do not use tap water, it contains chlorine and 

other minerals that may interfere with some of your experimental results.  You can boil water for 5 min and allow to cool for 30 

minutes as a substitute to get chlorine free water.  If the instructions call for deionized water, you could use distilled water. 

23. Never use the thermometer as a stirrer.  You may break the thermometer, and if the thermometer is a mercury type, some toxic 

mercury may be released. 
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24. Never use the thermometer as a stirrer.  You may break the thermometer, and if the thermometer is a mercury type, some toxic 

mercury may be released. 

25. Do not eat, drink, or chew gum while conducting experiments in this course.  If you need to eat or hydrate, step outside of your 

work area to do so. 

26. Do not use thermometers as a stirring rod.  Use the glass stirring rod with the rubber policeman. 

27. Pour all spent chemicals (waste) in a plastic bottle and seal with cap.  Label the bottle properly and keep out of reach from 

others, especially children. 

28. After using a piece glassware or other equipment, clean the equipment and return to its storage place.   

29. When trying to detect by smell, the recommended method is by the wafting technique.  In "wafting" a person takes an open 

hand with the palm towards the body and moves their hand over the substance in a gentle circular motion to lift vapors of the 

substance towards the nose.  

30. Read the laboratory procedure completely before starting any experiment and pay attention to any precautions 

31. Broken glassware must be clean up immediately.  If the glassware contains chemicals, then the chemicals should be rinsed 

before collecting the broken glassware. Roll the glassware in several layers of newspaper and place in a plastic bag and label 

the bag.  Turn this in with your spent chemicals and equipment at the end of the term. 

32. Do not weigh hot items on the scale.  The reading will not be accurate, and you may damage the scale.  Wait until the item is at 

room temperature before weighing. 

 

 

Safety regulations must always be observed as it only takes one accident to cause blindness or serious permanent injury.  Safety 

glasses, lab coats and nitrile gloves must be always worn.  In all photos you submit in which you are in the photo must show 

you wearing these PPE (personal protective equipment, especially the safety goggles) otherwise your lab technique score will be 

affected.   

 

SAFETY STATEMENT: I am aware that there are hazards associated with being in a chemistry laboratory.  I have been made 

aware of the safety equipment available in the laboratory room and how it is to be used.  I have also been made aware of some 

common hazardous such as: broken glass fire, acids, bases, and the poisonous nature of most chemicals.  I will always wear my 

PPE when working on the experiments.  I understand that special precautions for individual experiments will appear in the lab 

manual in a section entitled "Safety".  (Please sign below). 

 

    
Signature Date 
 
    
Print name  (CSID) College Student ID Number 
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Safety Quiz (Sample quiz, the online safety quiz may vary) 
 
____ / __ Score   

 

Name last: _____________________ First _____________  Date ___________ 
 

Indicate in the space provided whether each of the following lab safety statements is True (T) or false (F). 
These questions will be different in Canvas.  You are responsible for the version in Canvas. 
 
 
1 Students must purchase and use protection eyewear when conducting experiments. Eyewear equipment 

must meet the standards of the American National Standards Institute for "Practice for Occupational and 
Educational Eye and Face Protection" (ANZI Z87.1). Safety eyewear cannot be removed until the whole 
experiment is done and all chemical and equipment are put away.  Only when it is safe are you allowed to 
remove the PPE. 

2 Before working on an experiment, students must possess and have handy fire extinguisher, first-aid kit, 
baking soda, phone to call 911, and other safety equipment in the laboratory. 

3 It is okay to eat or drink in the lab while conducting experiments, but it is never permissible to smoke in class.  

4 It is never permissible to taste chemicals that is used in this course. All chemicals that are to be used in the 
experiments are to be considered hazardous unless instructed otherwise. 

5 Wafting is a technique to smell gas, by placing the odorous material directly under your nose. 

6 If any chemicals contact your skin or eyes, flush immediately with water. 

7 Although most rules indicate you should never place material used in this course into your mouth, there are 
some exceptions that allow some materials to be place in your mouth such as a pipette. 

8  Perform all reactions that involve gases with an unpleasant odor in a well-ventilated area or under a stove 
with the ventilator turned on. 

9 When heating a test tube, make sure the test tube is completely closed so that nothing spills. 

10 Thick, heavy gloves should be used, and glassware should be lubricated with cooking oil or water when 
inserting glass tubing (i.e., thermometer) into a stopper.   

11 It is okay to perform unauthorized experiments in this course. 

12 Immediately clean balances/scales after use.  In other words, do not leave the scale uncleaned until the next 
time you use it.  Clean while you work. 

13 It is okay to dispose of all solutions including all organic chemicals down the sink. 

14 Pour acids into water (not water into acid) because the heat release will be absorbed by the water so that 
splattering is avoided. 

15 It is okay to disregard or ignore the special safety precautions mentioned in each experiment. 
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16 Wear closed-toe shoes always when working experiments in this course. 

17 If glassware breaks while in use, it is okay to leave it alone, not clean it up, and not tell anyone. 

18 Read all parts of an experiment (Objectives, Discussion, Procedure, & Pre-lab Assignment), before performing 
each lab. 

19 It is okay to use an excess amount of chemicals for an experimental procedure.  If the chemical is unused, it 
can always be returned to the original container. 

20 An important general rule when performing experiments in this course to be alert, stay alert, and take the 
trouble to understand the potential hazard associated with each experiment. 

21 It is okay to heat organic, flammable solvents directly over the alcohol burner rather than a hot plate. 

22 All glassware should be inspected for stars, cracks, or stress before usage and especially before heating. 

23 It is permissible to place chemicals directly on the metal platform of the balance pan when using the balance 
scale. 

24 When an experiment calls for water, use distilled or deionized water, it is okay use water directly from the 
faucet (tap water).   

25 When completing the experiment, all equipment is to be returned to its the lab kit; all excess solid chemical 
waste should be placed in a designated waste container; work area should be straightened out and clean; 
and students should wash their hands.   

 

This quiz is your contract that you will abide by all safety rules of the laboratory.  Failure to comply will 
reduce your grade on this safety quiz and may result in being asked to drop the course for your own safety 
or the safety of others is at risk. 
 
 
Initials__________ 
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01Lab | Activity 01: Math Basics and Dimensional Analysis 

Last Name________________________First_________________________                         ___ / __ pts 

For this activity you are to input answers in Canvas via the quiz app. 
After showing your work on this page, upload this worksheet in the quiz app in Canvas. 
Note that these questions may be slightly different from those found in Canvas.  Numerical questions will have different data, but the concept 

of the question is the same.  Answer these questions here with the given data.  In the Canvas version, you use the same strategy in solving the 

problems but use the numerical value and conditions given in Canvas.   Yes, you are solving the problem twice but applying the concept once. 

Please review the following before working on this activity.  Rules of Significant figures: https://www.youtube.com/watch?v=9WFxkxFXb20 

 

Answer all questions when instructed with the correct number of significant figures and in scientific notation. 
I.  Rounding off Numbers.   

a. Round to the hundredth place: 21.46499 =  ___________ 

b. Round to the tenth place:  482.4506 =  ___________ 

c. Round to the thousandths place: 4.150479 =  ___________ 

d. Round to the first place:  101.45154 =  ___________ 

e. Round to the hundredth place: 21.873451 =  ___________ 

f. Round to the ten-thousandths place: 111.432101 = ___________ 
 
 
II.  Significant figures.  Write the number of significant figures for each of the numbers below.   

a. 0.0180 ____3______  b. 9.70 ___________ 

c. 0.090 ___________ d. 405.00 ___________ 

e. 0.001 ___________ f. 16.90 ___________ 

g. 9040 ___________ h. 60 ___________ 

i. 40210 ___________ j. 0.000640 ___________ 

 
III.  Scientific Notation.  Rewrite the numbers below in scientific notation. 

a. 5                   ___________ b. 0.000 000 110___________ 

c. 7,100           ___________ d. 600,600,000   ___________ 

e. 67,000         ___________ f. 0.010 2           ___________ 

g. 0.000 100    ___________ h. 0.001 49         ___________ 

i. 0.000 63     ___________ j. 1,106,140,000___________ 

 
IV. Math operations using significant figures. 

https://www.youtube.com/watch?v=9WFxkxFXb20
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Answer the following using the correct number of significant figures.  For each, write the raw answer first (write the raw 

answer up to 5 places after decimal place, to the hundred-thousandth of place)  

 then rewrite the rounded-off answer in the parenthesis.  Use scientific notation where appropriate. 

 

To enter an answer in Canvas with scientific notation, use 'e' to represent '×10^'.  e.g. Enter 6.022×1023 as 

6.022e23 or 4.163×10-4 should be entered as 4.163e-4. 

It is important to keep to this format because other formats will not be recognized by Canvas & it will be marked wrong. 

 

a. 1.0 +  3.88 =          4.88       . (4.9e0  ) b. 64.0 −  2.15 = _________  (_________) 

c. 6.944 +  4.3 = ___________  (__________) d. 114.45 −  20. = _________  (_________) 

e. 5.386 −  3.11 =  __________  (__________) f. 
0.24

68.00
   =   _________  (_________) 

g. 
0.6140

0.00093
 =   660.21505    (__________) h. (2.3 • 10−3) × (2.501) =  _________  (_________) 

i. 
1.320•106 

6.01
= _________      (__________) j. (4000) × (2.6789 • 10−6) =_________  (_________) 

 
 
V Math operations using power-of-ten:   
Calculate each and write your answers in scientific notation. 

a.   (2.50 ×  10−1 ) ×  (0.300 ×  10−2) =  ________________ 

b.  (100.1 ×  103)  ÷ (0.200 ×  10−3) =  ________________ 

c.   
2.0 𝑥 102

4𝑥10−1   = ________________ 

d.   2.0 ×  102  ÷  4 ×   10−1  = ________________ 

e.   (8.00 +  1 )  ×  (10−1)    =  ________________ 

f.   8.00 ×  10−1 + 1 × 10−1 =  ________________ 

g.  (10.62 ×  102)   +   (1.63 ×  103)   =  ________________ 

 

*HINT:   Answers c & d should be different.  Answers e & f should be the same. 
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VI Determine the following conversion factors. 
 

    Use only the conversions found in the appendix and write your answers to at least 3 significant figures. 

a. 1.00 lb =   ____________ g b.  1.00 lb =     ____________ kg 

c.  1.00 oz = ____________ g d.  1.00 qt =     ____________ ml  

e.  1.00 qt = ____________ L f.  1.00 gal =     ____________ L  

g.  1.00 in = ____________ cm h.  1.00 m =       ____________ in 

i.  1.00 cup = ____________ ml j.  1.00 fl. oz = ____________ ml 

 
 
VI  Answer the following using dimensional analysis. 
Note that the values in this exercise may be different from the version found in Canvas. 
Show all calculations in the space, below the question.  You will not receive credit for showing work if it is not show in this area. 
 

a. How many kilograms in 155.5 lb? 
 
 
 
 
 
 
 
 
 
b. How long in centimeter is a 30.5-inch waist?  
 
 
 
 
 
 
 
 
 
 

 

http://fogarces.com/zCourse/All_Year/Ch100/a_Lab/08LbOL_LabMUL/Chem100LManual.pdf#page=135
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c1. A Prius automobile requires 11.9 gallons of gasoline (gas) for a full tank.  How many mL of gasoline is 
needed for a full tank in this Prius? 

 
 
 
 
 
 
 
 
 
 
c2 Refer to the above question.  If gasoline has a density of 0.750 grams per mL, what is the mass (in grams) 

of this volume of gasoline?  (Remember that 0.750 g/ml is a measured conversion factor.) 
 
 
 
 
 
 
 
 
 
d. How fast is a car moving in cm / sec if its speedometer reads 65.00 mph? 
 
 
 
 
 
 
 
 
 

 
e.  How many pennies are needed (1.95 cm diameter) to stretch from the earth to the sun?  It takes 8.00 

minutes and 25.0 seconds for light to travel from the sun to the earth traveling at 186,282 mi/sec.  
 
 f. How much is this worth in dollars?   
 
 
 
 
 
 
 
 
 
 
 
 
Do not forget to upload this activity worksheet in Canvas.  
(Your college photo ID should be in the foreground when you take a pic of the completed worksheet) 
No credit will be given if this worksheet is not uploaded.  It must show your answer and show your work. 
 

 

For next week,  
Check to make sure you have all the chemicals and supplies for next week's experiment. 
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02Lab | Experiment 01:  A Penny for Your Thought; Scientific Method Introduction 

 

Objective 
The purpose of this experiment is to introduce students to the scientific method through the investigation of how the mass 
of pennies varies over time. Students will develop an initial hypothesis, gather and analyze experimental data, and 
evaluate their findings based on their observations. As the investigation progresses, students will be expected to revise 
their hypothesis and conduct follow-up experiments that explore both physical and chemical properties, including density 
and reactivity. Throughout the lab, students will practice careful measurement techniques, record data using the proper 
precision of each instrument, and apply the rules of significant figures in all calculations. The goal is to build scientific 
reasoning skills, reinforce good laboratory practices, and strengthen the ability to draw conclusions from evidence. 
 

Equipment and Chemicals 
KLM Equipment 100-ml graduated cylinder  Petri Dish berel pipet Wash bottle 

Miramar supply 10% HCH3CO2 (Acetic Acid) 

Pre-cut pennies, pre-80 and post-83 

Forceps  

Metric ruler 

Digital Pocket Scale 
Weighing boat  

You supply Pennies (1960 – 2000)  

 

Introduction 

Begin by Reading: Ch 1.2 Chemistry in our Lives Timberlake 5th Edition. "Scientific Method: 
Before beginning this experiment, students should review foundational concepts that will 
support their understanding and performance in the lab. Begin by reading Section 1.2, 
Thinking Like a Scientist: The Scientific Method, from the course textbook LibreText: 
Fundamentals of GOB Chemistry. This section provides an overview of how scientists 
approach questions, develop hypotheses, design experiments, and revise their thinking based 
on evidence—a process you will be applying directly in this lab. In addition, review Section 
2.7 on Density, which explains how to calculate density using mass and volume, and how this 
physical property can be used to distinguish between materials. Finally, read Section 3.2, 
Physical and Chemical Properties, to learn how to identify characteristics such as color, 
texture, hardness, reactivity, and evidence of chemical change. As you proceed through the 
experiment, you will be expected to apply these concepts, particularly when recording 
observations and drawing conclusions about the properties of pennies minted in different years. 

Throughout this experiment, it is essential that you follow instructions carefully and measure with precision appropriate to 
the tools provided. All numerical work must include correct units and reflect the proper number of significant figures. 
These skills are part of maintaining sound laboratory practice and will be assessed as part of your grade. 

Pennies & Mass 

This experiment begins with a simple question: What happens to the mass of a penny as it ages? You will begin by forming 

a hypothesis that predicts how the mass might change over time. Some students may predict that older pennies gain mass 

due to the buildup of dirt and oils on their surface, while others may hypothesize that pennies lose mass over time due to 

wear. You will be asked to clearly state your prediction before beginning the experiment. The data you collect will then 

allow you to evaluate whether your hypothesis is supported. 

Physical & Chemical Properties 

As part of this investigation, you will also observe and record both physical and chemical properties of the pennies. 
Physical properties include characteristics such as color, size, density, and hardness—traits that can be observed or 
measured without changing the substance's identity. Chemical properties, on the other hand, describe how a substance 
reacts with other materials and may include reactivity with acids or the ability to undergo combustion. When a chemical 
property is tested, a chemical change occurs, resulting in the formation of one or more new substances. 

One key physical property you will determine in this lab is the density of the pennies. Density is calculated using the 
formula: 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝑚𝑎𝑠𝑠 (𝑔)

𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿)
       Note that mL = cm3 = cc 

https://fogarces.com/zCourse/All_Year/Ch100/a_Lec/08MC_LibreText_Gob/Ch100_FundmGoB_LibreText.pdf
https://fogarces.com/zCourse/All_Year/Ch100/a_Lec/08MC_LibreText_Gob/Ch100_FundmGoB_LibreText.pdf
https://www.mathsisfun.com/measure/metric-volume.html
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Conclusions 

At the end of the experiment, you will be required to write a conclusion that reflects the data and observations you 
collected. Your conclusion should be supported by specific evidence, including the physical properties you measured (such 
as mass, density, or appearance) and any chemical changes you observed (such as reactions with acid). If your 
experimental results do not support your original hypothesis, you will need to revise your explanation and consider how 
new experiments could help test your updated thinking. 

Please note: it is your responsibility to upload the correct file to Canvas. Uploading the wrong file, missing pages, or 
including a description of the experiment instead of the actual worksheet may result in a deduction of lab technique 
points—or, in some cases, a zero for that portion of the lab. 

As you perform each part of the experiment, be sure to write down your observations in real time. These written 
observations are an important component of your lab report and will be included in your grade. 

 

Your grade for this lab will be based on how well you follow both oral and written instructions. To receive full credit, all 

numerical answers must include the correct units, be expressed using the proper number of significant figures, and use 

scientific notation when required. If you are instructed to show your work, you must clearly present your calculations 

either in the margins of the datasheet or on separate scratch paper. This scratch paper must be uploaded along with your 

lab report. Answers that are missing units, show incorrect or missing significant figures, or do not follow instructions for 

scientific notation may not receive credit, even if the numerical value is otherwise correct. 

 

Read the directions below and be sure to answer the questions as you progress through the experiment. 

If you cannot find pre-1982 pennies, use the data that is found in the Canvas.  You must be logged in to Canvas to access the data.  

https://sdccd.instructure.com/courses/2458176/quizzes/5558074?wrap=1 

 

https://sdccd.instructure.com/courses/2458176/quizzes/5558074?wrap=1
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Procedure – Part I 

1 Write a hypothesis using complete sentences to predict how the mass of a penny changes as it ages. Be 

sure your hypothesis is clearly stated and based on your initial understanding of physical changes that 

may occur over time. 

2 Sort Pennies. 

Photo1: Take a picture of ten pennies placed in the weighing pan of the digital pocket scale. 

a. Using the pennies you have at home, sort them based on the year they were minted.  Use the link 

cited above for pennies minted prior to 1982. 

b. Carefully examine each side of the coin and note its condition. Create three piles: one for pennies 

minted before 1982, another for those minted between 1982 and 1983, and a third for pennies 

minted after 1983. Keep these piles separated for use throughout the experiment. 

c. Try to include at least two pennies from each decade—1960s, 1970s, and 1980s—and sort them in 

order from oldest to newest. If you do not have pennies from every decade (especially the 1960s), 

ensure that you still collect five older pennies (minted before 1983) and five newer ones (minted 

after 1983) 

3 Determine the mass of various pennies. 

a. Using your digital pocket scale, weigh each of the 10 selected pennies and record the mass and 

appropriate units in your datasheet. Record them in order from oldest to newest. Use forceps or 

clean hands to handle the pennies after weighing.  5 pennies need to be minted before 1982, and 5 

pennies minted after 1983.  

b. Write a brief description of the condition of each coin, citing its physical properties such as color, 

wear, and surface quality. 

c. Create a graph that plots mass versus year minted. Label both axes clearly and include units in 

parentheses. 

d. Write a descriptive title for your graph that reflects the content and purpose of the data. 

e. Plot each data point using a symbol (e.g., “”) to represent the mass for each year the penny was 

minted.  

f. Access and compare your results with the class data available in Canvas: Class Data 

4 Draw a conclusion based on your data. Support your conclusion with specific evidence from your 

measurements and observations. Refer to the class data to broaden your interpretation. Does your graph 

show a trend—such as an increase or decrease in mass with age? Are there any unusual or unexpected 

findings? Does your conclusion support your hypothesis?  Answer this question in your data sheet. 

5 Evaluate your hypothesis. Determine whether your results support or refute your original hypothesis. 

Write a short reflection explaining the outcome and record this on your datasheet. 
 

 

http://fogarces.com/zCourse/All_Year/Ch100/a_Lab/09LbOL_Resources/Expt_Pic/PennyExpt_Pic/MassPennies_YrMinted.png
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Experiment 2:  Data Sheets 

Last Name________________________First_________________________  ____ / _____ pts 

 

Part I 
1 Hypothesis: Write a clear and complete hypothesis about how you think the mass of a penny changes with age. 

Use full sentences to explain your reasoning   Use complete sentences. 
      After stating your hypothesis, sketch a graph on the next page that represents what the data would look like if 

your hypothesis were correct. Assume that the average mass of a penny is approximately 2.80 g. For example, if 
your hypothesis is that older pennies gain mass due to grime or oxidation, then your graph should show older 
pennies with a mass greater than 2.80 g and newer pennies with a mass below that value. Refer to Step 3 on the 
next page for more guidance on graphing 

 
 
 
 
 
 
2 Mass of Assorted Pennies   
Record all measurements with correct units and appropriate precision. The mass of each penny should be measured 
to match the precision of your digital pocket scale (typically two decimal places). Measure both the diameter and 
thickness of each penny to the hundredth of a centimeter (e.g., 1.92 cm).  
 

Use the star * rating to rate the to assess the overall physical condition of each penny and write a brief description 
that includes observations such as luster, discoloration, scratches, or surface wear. 
 

Reminder: You must include data for exactly 10 pennies—5 minted before 1982 and 5 minted after 1983. 
 Each penny must have a unique year (no duplicates) Write units after every measurement entry. 

# Year Mass   
 

Diameter (cm) 
to hundredth 

Two digits past the 
decimal. 

Thickness (cm) 
to hundredth 

Two digits past 
the decimal. 

Star Rating: 
* = V. Poor 
*** = Medium 
***** = Mint 

Condition of coin. (Write a sentence or two 
describing the condition of each coin) 

1 Oldest       

2       

3       

4       

5       

6       

7       

8       

9       

10 
Newest 

      

 

https://www.youtube.com/watch?v=yJW7nE76Aok
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3 Sketch a Graph Based on Your Hypothesis 

Using your original hypothesis from Step 1, sketch a prediction of what the graph should look like if your 
hypothesis is correct. Plot the mass of the penny (y-axis) against the year minted (x-axis). Use 2.80 g as a general 
reference point for the average mass of a penny. 

 
For example, if your hypothesis predicts that pennies gain mass over time due to grime buildup, your sketch 
should show newer pennies below 2.80 g and older pennies above 2.80 g. Conversely, if your hypothesis is that 
pennies lose mass due to wear, then older pennies should be plotted with lower mass than newer ones. Your 
sketch should visually communicate your expectations based on your hypothesis. 
 

4 Graph the Actual Data: Mass of Penny vs. Year Minted 

 Create a second graph using your measured data. Plot mass (in grams) on the y-axis and year minted on the x-axis. 
Be sure to: 

• Label both axes clearly and include units in parentheses. 

• Use an appropriate scale and spacing. 

• Write a descriptive title that reflects the purpose of the graph. 

Refer to the prelab example if needed for formatting guidance. 

(Label the graph axis below with proper description labels and units and write a descriptive title.) 
See the example in the prelab. 
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4 Conclusion from Your Graph and Class Data 
What conclusion can you draw from your graph? Support your statement with specific data from your 
measurements. Then, compare your results with the class data available in Canvas. Do your results align with the 
class trend?  Describe whether the class data suggest a consistent pattern related to the mass of the pennies 
and their minting year.class data? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 Compare Your Hypothesis with the Results 

Does your actual data support your hypothesis? If not, explain how the results differed from your expectations. 
Discuss any differences between your predicted graph (Step 3) and the actual graph you created (Step 4). Did 
anything stand out or surprise you in the data?  Describe what you learned and what next steps a scientist might 
take to investigate further. 

 
 

http://fogarces.com/zCourse/All_Year/Ch100/a_Lab/09LbOL_Resources/Expt_Pic/PennyExpt_Pic/MassPennies_YrMinted.png
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Procedure – Part II 

1 Write a new hypothesis Based on the results from Part I, write a revised hypothesis that explains why the 

mass of the pennies appears to differ between older and newer coins. Your new hypothesis should reflect 

a possible difference in composition or manufacturing process that could account for the change in mass. 

 

2 Determine the Density of the Pennies Sort two set of 25 pennies, all of which are either older (minted 

before 1982) or newer (minted after 1983). 

 

Photo2: Take a picture showing all 25 pennies submerged in a graduated cylinder. The water level must be 

visible and readable in the photo. 

 

If you cannot find 25 pennies for each group, use the data that is found in the Canvas. Use the following 

link.  You must be logged in to Canvas to access the data.  

https://sdccd.instructure.com/courses/2458176/quizzes/5558074?wrap=1 

a. Weigh 25 pre-1982 pennies together using your digital pocket scale. Record the total mass in grams. 

Repeat this process for 25 post-1983 pennies and record their total mass. 

b. Calculate the average mass for each group by dividing the total mass by 25. Record your calculation in 

your worksheet. 

c. Fill a 100-mL graduated cylinder with water up to exactly 20.0 mL. Use a dropper to adjust the 

meniscus precisely to this value. Read all volumes to the nearest 0.1 mL. 

d. Slowly and carefully place the 25 pre-1982 pennies into the cylinder. Be sure to avoid splashing or 

trapping air bubbles. 

e. Record the final volume after all pennies are added. Subtract the starting volume (20.0 mL) to 

determine the total volume displaced. Enter this result on your worksheet. 

f. Remove and thoroughly dry the pennies with a paper towel. Return them to their container. 

g. Calculate the average volume of a penny by dividing the total volume displaced by 25. Repeat the 

same procedure for the post-1983 pennies. 

h. Calculate the average density of each group using the formula: 

i. Density =  
mass (g)

volume (mL)
  ;     mL = cm3 = cc 

 

3 Physical Observations of Appearance   

a.  Locate the pre-cut pennies provided in your kit or by Miramar College. Place one pre-1982 half and 

one post-1983 half in separate Petri dishes. If live samples are not available, your instructor may 

demonstrate this in a YouTube video. 

b. Closely examine and compare the interior of both pennies. Record your observations in the 

datasheet. 

To view a sample image, see: Cut Pennies  Click on the link.  The penny to the left is pre-1982 and the 

penny to the right is post 1983. 

 

https://sdccd.instructure.com/courses/2458176/quizzes/5558074?wrap=1
https://www.mathsisfun.com/measure/metric-volume.html
http://fogarces.com/zCourse/All_Year/Ch100/a_Lab/09LbOL_Resources/Expt_Pic/PennyExpt_Pic/CutPennies.png
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4 Chemical Reactivity of Penny Interiors 

If you prefer not to handle acid, you may observe the reaction in a video demonstration. However, if 

you proceed with the experiment, you will use 5% acetic acid (vinegar) in place of stronger acids. 

A demonstration video can be found here: https://www.youtube.com/watch?v=gIRFiR4vSPU   

The penny on the left is minted in 2012. The penny to the right was minted in 1975. 

a. Using forceps, place one half of each penny type into a Petri dish. Perform this step in a well-

ventilated area or under a fume hood if available. 

b. Add a small amount of 5% acetic acid to the dish, just enough to cover the penny halves. 

Observe any visible reaction, such as bubbling or color change. These differences may indicate 

variations in composition between the two groups. Your instructor may also demonstrate this 

step in a video to conserve materials. 

 

Photo3: Take a picture showing the two penny halves submerged in acetic acid (vinegar). Your college ID 

must be visible in the foreground of the image. 

 

5 Conclusions.  Write a conclusion summarizing what you learned from Part II. Use specific evidence from 

your density calculations, physical observations, and chemical reactivity results to support your 

conclusion. Be thorough and write in complete sentences. 

 

6 Flowchart of the Scientific Method 

Create a flowchart of how the scientific method was applied in this experiment. Include each step 

(Observation, Hypothesis, Experiment, Results, Validation, Conclusion) and provide a brief description 

specific to this experiment in each section of the chart. 

To see an example of a flowchart, visit: 

https://courses.lumenlearning.com/wmopen-geology/chapter/scientific-processes-in-geology/ 

 

 

Photos:  Take these photos during the procedure.  

Photo1: Ten pennies placed on your digital pocket scale (Part 1) 

Photo2: Pennies submerged in a graduated cylinder showing water level (Part 2) 

Photo3: Cut penny halves submerged in acetic acid (Part 2) 

Submit the photos with the datasheet (please do not embed photo in the datasheet, each photo must be 

its own page.   

In addition, each photo should show your college ID in the foreground. 

Submit the photos with the datasheet.   Each photo should show your college ID in the foreground. 

 

For the next lab,  

Check to make sure you have all the chemicals and supplies for next week's experiment. 

 

https://www.youtube.com/watch?v=gIRFiR4vSPU
https://www.lucidchart.com/pages/what-is-a-flowchart-tutorial
https://courses.lumenlearning.com/wmopen-geology/chapter/scientific-processes-in-geology/
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Data Sheets - Part II  

Last Name________________________First_________________________   

1. Hypothesis:  
Write a clear and complete hypothesis that explains why the mass of pennies changed after 1982. Your explanation should 
describe what you think happened to the penny’s composition or structure starting in or after that year. Use full sentences 
and scientific reasoning. 
 
 
 
 
 
 
 
 
 
2.  Density – 
You will determine the average density of two groups of pennies: 

• Pre-1982 (minted in 1981 or earlier) 
• Post-1983 (minted in 1983 or later) 

If you cannot collect 25 pre-1982 pennies, use the Canvas data for that group. You must personally weigh and measure 25 
post-1983 pennies for this lab. Record values to the correct precision (mass to two decimal places in grams, volume to the 
nearest 0.1 mL). 

Table of Measured Mass & Volume of Pennies 

Penny Type Mass of 25 pennies (to 
the precision of scale) 

Vol initial  
(to tenth ml)  

Vol final  
(to tenth ml) 

Vol of 25 pennies  

* Pre- '82 

1981 and earlier 
(Use Canvas Data) 

 

    

Post - '83 

1983 and later 

 

    

 
* Use the data provided in Canvas if you do not have enough pre-1982 pennies.  You are responsible for weighing 25 post-
1983 pennies for this procedure. 
  
3.  Observations:  Record your physical observations when examining the interior of the pennies. Describe differences in 
color, texture, and structure between pre-1982 and post-1983 pennies. Also describe any visible reactions that occurred 
when each penny half was exposed to 5% acetic acid. Include other relevant observations during this procedure. 
 
 
 
 

 

/Users/fogarces/Desktop/xFoG%20Vlt_iCloud/zFOG_Vault/001_http/faculty.miramar.edu/faculty/zCourse/All_Year/Ch100/_2023xF_Ch100L/a_Lab/09LbOL_Resources/Expt_Pic/PennyExpt_Pic/CutPennies.png
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4.  Density Calculation- Use the space below to calculate the average volume, average mass, and density for each group. 
Show all work clearly and include correct units and significant figures. You must complete the calculations to receive 
full credit. 

Show the calculation in the space provided. 

Type of penny Average Volume Average Mass  Density   

pre – 1982 

 

   

post – 1983 

 

   

 
Show calculations for the average volume, average mass, & density. Use the correct number of significant figures & write 
units. 
Use the space below to show your work. You will not receive credit for showing work if it is not shown in this area. 
 
a. Average Volume Calculation 
(Total volume displaced ÷ 25)  
 
 
 
 
 
 
 
b. Average Mass Calculation 
(Total mass ÷ 25)  
 
 
 
 
 
 
c. Density Calculation 
(Average mass ÷ Average volume) 
 
 
 
 
 
 

Photo Submission – Part II 

Submit the following photos as part of your lab report. Each photo must be on a separate page and must clearly show your 
college ID in the foreground. 

Photo 2: 25 pennies fully submerged in a graduated cylinder; water level must be visible and readable. 

Photo 3: Cut penny halves in Petri dishes submerged in 5% acetic acid. 

Reminder: Do not embed photos into the datasheet. Upload them separately as individual pages. This is part of your lab 
technique grade. 
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02Lab.| Experiment 01:  Scientific Method:  Penny Lab, Pre-Lab 

Last Name ________________________First_________________________ ____ / _____ pts 

Pre-Lab Questions 
1. Graph the following data and label it properly.  Use the metric units and choose any gender. 

Label the x-axis age and the y-axis mass with proper units, then give a proper descriptive title for the graph. 

Age: 
50th percentile 

Male babies 
50th percentile 
Female babies 

 

Use this prelab 

question to prepare 

you for the type of 

graph you are to 

create in this 

experiment. 

At Birth 7.8 lbs. (3.5 kg) 7.5 lbs. (3.4 kg) 

0.5 months 8.8 lbs. (4.0 kg) 8.4 lbs. (3.8 kg) 

1.5 months 10.8 lbs. (4.9 kg) 9.9 lbs. (4.5 kg) 

2.5 months 12.6 lbs. (5.7 kg) 11.5 lbs. (5.2 kg) 

4.5 months 15.4 lbs. (7.0 kg) 14.1 lbs. (6.4 kg) 

6.5 months 18 lbs. (8.2 kg) 16.5 lbs. (7.5 kg) 

8.5 months 20.1 lbs. (9.1 kg) 18.3 lbs. (8.3 kg) 

10.5 months 21.6 lbs. (9.8 kg) 19.8 lbs. (9.0 kg) 

12.5 months 23.1 lbs. (10.5 kg) 21.4 lbs. (9.7 kg) 

 

 

Title of graph:  __________________________________________________ 

 
 

 

2.  Read the following passage and then write a hypothesis based on this passage.   

Water can stick to other water molecules by a special glue called intermolecular force.  This happens because water is 

polar and polar chemicals stick to other polar chemicals.  On the other hand, chemicals like organic solvents such as 

vegetable oil are nonpolar.  Nonpolar chemicals will stick with other nonpolar chemicals.  Dirt and grease for example 

are also nonpolar, that is why dirt and grease mix well.   Water not good enough to wash away dirty material. 
 

Write a hypothesis on why a penny that is clean can hold more drops of water compared to a 

penny that is dirty. 

 

 

Do not forget to upload this prelab worksheet to Canvas.  
(Your college photo ID should be in the foreground when you take a pic of the completed worksheet) 
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02Lab.| Experiment 1:  Scientific Method:  Penny Lab, Post-Lab 
Last Name ________________________First_________________________ ____ / _____ pts 
Post Lab Questions  
Answer these postlab Questions in Canvas. 

1. Describe the inside of the pre-1982 and the post-1983 pennies.  They should be different. 

    (Use complete sentences in your description) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2     Describe your observations of what occurs when the pre-1982 and the post-1983 cut pennies are exposed to acetic acid.  

     (Use complete sentences in your description) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.     Based on your Observations, Experimental Data, and Calculations, write a conclusion for Part II of this experiment. 

Be sure to cite all the evidence from your data to support your conclusion.  Be as specific as possible.  State the values 

calculated or the exact observations made.  There are a minimum of three pieces of evidence obtained in this experiment. 
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 4.   Flowchart: 
Below is a  flow chart template illustrating how the scientific method was used in Part I and II.  
 

 

(2pts)  
Label the flowchart with the proper heading based on the tenant of the Scientific Method.   

 
A. ____________________ 

B. ____________________ 

C. ____________________ 

D. ____________________ 

E. ____________________ 

Choose from the following for each letter.   

Experiment Conclusion Abstract Hypothesis 

Chance Faith Observation History 

Law Vision Validation Theory 
 

 

(4 pts) Match the statements to the tenet of the Scientific Method.  The tenet of the Scientific Method shown are 
represented by letters in the flowchart, see previous problem.  Each tenet can have more than one statement match.  If 
there is no match simply write None in the blank.  Also, note that not all Letters in the flowchart might have a match. 
 

# Letter Statement 

i 

 

 
_______ 

The year of minting, mass, thickness, and diameter measurements were recorded for five pennies 
minted before 1982 and five pennies minted after 1982. 

ii 

 

 
_______ 

Pieces of pre-1982 and post-1983 pennies were cut up and exposed to acid to determine if they 
reacted differently. 

iii 

 

 
_______ 

Pennies minted after 1983 have less mass because they were minted with different material. 

iv 

 

 
_______ 

The reason why pennies minted after 1982 weigh less than pre-1982 pennies is that they have smaller 
volumes. 

v 

 

 
_______ 

What happens to the mass of pennies with age? 

vi 

 

 
_______ 

Based on the difference in densities, the reaction with acid and what the inside color of pre-1982 and 
post-1982, it is concluded that pennies are made from different material. 

vii 

 

 
_______ 

The mass of a penny decreases with age due to wear and tear on the older pennies. 

viii 

 

 
_______ 

The densities of the pre-1982 and post-1983 pennies were determined by measuring their mass and 
volume. 

 

Do not forget to upload this postlab worksheet in Canvas.  
(Your college photo ID should be in the foreground when you take a pic of the completed worksheet) 

 

https://www.integrify.com/what-is-a-flowchart/
https://sciencing.com/essential-tenets-scientific-method-8775195.html
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03Lab | Experiment 02:  Measurements, the Metric System & Density 

Objective 

The experiment aims to become familiar with the metric system by taking measurements using metric units.  

Additionally, in this experiment, different measurements will be taken using different devices and then report these 

measurements to the correct precision based on the apparatus used.  Finally, each measure will be converted to other units 

using dimensional analysis, and the answers will be written to the correct number of significant figures. 

Equipment and Chemicals 

KLM Equipment 100-mL beaker 5 mL grad cylinder* 13 x 100mm small test-tube wash bottle 
 250-mL beakers  50 mL grad cylinder Thermometer  
 400-mL beaker 100 mL grad cylinder Evaporating Dish  
Miramar supply Cube (use plastic) 

 
Digital Pocket Scale  
Metric Ruler  

Berel pipet Weighing boat 

You supply Measuring tape Scientific Calculator String or piece of paper  
*  If the KLM kit does not have a 5-mL graduated cylinder or vice-versa.  You can use one or the other.  Both have graduated of 0.1mL and will work in this experiment.  

Introduction 

Additional Reading:  Ch 2.1 – 2.4, Fundamentals of G(ob): Structure of Life, LibreTexts.  “Chemistry and Measurements.”  For this 

experiment, you will be taking measurements with several different laboratory tools.   You can also review my lecture notes on 

“Making Measurements”.  Emphasis in grading will be placed on recording measurements with proper significant figures and 

with proper units.  Please review the YouTube on “Measurements and Significant Figures”. 

 

Notes on how to determine precision: 

The fine lines that run along a thermometer, graduated cylinder or ruler are called calibration, graduations or hash 

marks.  The precision of the measurement is based on the difference between two consecutive hash marks.  This 

difference is called delta (∆).  The precision, or the uncertainty is calculated to 10% of ∆.  
 
 

Graduated Cylinder:  The calibration for graduated cylinders varies 

depending on the size.  Click on the image (if you are on your computer) to 

download the full size of the image to see the calibrations more clearly.  The 

100mL and 50mL graduated cylinders have calibrations of 1-ml and 

measurements should be read to the nearest 0.1 mL The 10mL graduated 

cylinder has a calibration of 0.1-mL and should be read to the nearest 0.01 

mL.  The 25-mL graduated cylinder’s precision is a bit confusing but because 

the graduation is 0.2 mL (look at the magnified view for this cylinder by 

clicking on the image), then the readings must be every 0.05 mL +/- 0.05 mL 

increments.   This is discussed more in this video. 

https://youtu.be/3NefD8UQ6y0?list=PLF34FCDB88DEF731B&t=381 

 

The figure to the right show four sizes of graduated cylinders, each with different calibrations.  For the graduated cylinder shown, 

∆ = 1 ml, so 10% of 1 ml is 0.1 mL.  The reading for the graduated cylinder is 22.5 mL +/- 0.1 mL.  The volume is read at the 

bottom of the meniscus which is where the dark red meets the light red. 

Noticed that the .5 mL reading in 22.5 is the uncertainty, the reading could 

easily have been read 22.4 mL or 22.6 mL, that is why the +/- 0.1 mL is 

written, to indicate the uncertainty or the measurement.   

Ruler:  For the ruler, the units are centimeter and ∆ = 0.1 cm, so 10% of 0.1 

cm is 0.01 cm.  If the ruler is used to measure the 20-mL mark of the 

adjacent graduated cylinder, then the reading would be 0.74 cm +/- 0.01 

cm.   

 

 

 

    Grad. Cylinder         Ruler         Thermometer 

https://fogarces.com/zCourse/All_Year/Ch100_MC/a_Lec/08MC_LibreText_Gob/Ch100_FundmGoB_LibreText_2024Sp.pdf#page=47
https://fogarces.com/zCourse/All_Year/Ch100/a_Lec/04OL_LecNotes/02_Measurement/203_Measurement/203_MeasurementReading.ppsm
https://www.google.com/search?client=firefox-b-1-d&q=measuring+volume+to+the+tenth+of+mL#kpvalbx=_O1epYqfYCojUkPIP29CTqA438
https://youtu.be/3NefD8UQ6y0?list=PLF34FCDB88DEF731B&t=381
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Thermometer: For the thermometer, the units is °C. (the degree character can be accessed by command+shift+8 in your 

computer).  The ∆ for the thermometer is 1°C, so 10% is 0.1°C.  The temperature reading is 87.7°C +/- 0.1°C. 

You will also make estimates in each of these measurements.  The precision when you estimate a measurement should not be to 
the same degree as your measurements above since this is an estimate.  It should only be to the first place., i.e. How much 
time does it take to drive from Petco to Dodger Stadium.  You will not give an answer like 2hr, 14mi, 36 sec.  An estimate of ~ 
2 hr would be the acceptable answer. 

 

Photos 

Take these photos during the procedure and don’t forget to include your ID in the foreground of the photo. 

Photo 1: Take a digital close-up photo of the temperature reading of the thermometer in the beaker of water.  

Photo 2: Take a digital close-up photo of the mass reading of the cube on the scale.  

Photo 3: Take a digital close-up photo of you measuring the width of your palm. 

Photo 4: Take a digital close-up photo of the three graduated cylinders with ¾ full of liquid water. 

Photo 5: Take a digital close-up photo of the graduated cylinder with cube submerged showing the water level and the cube. 

For next week, check to make sure you have all the chemicals and supplies for next week's experiment. 
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Procedure  

Part I – Metric Measurements & Estimates 

Measuring Temperature 

Go to the link here before you start and read the proper procedure on how to read a 

thermometer.  Thermometer Reading.  Temperature is measured in Celsius in a laboratory 

setting.  The lines or graduation marks (Delta, ) on the thermometer represent 1˚C increments 

in temperature.  Your recorded measurement of the temperature should estimate between the 

lines and carry with it one decimal places (tenth) or precision to 0.1 ˚C (10 % of the Delta, ∆). 

Fill a 250 ml beaker 3/4 full (125 mL) with tap water and allow it to reach room temperature, 

about 30 minutes. 

Proceed with other parts of the laboratory while you wait for the temperature to equilibrate. 

Record the temperature of the water with the correct number of significant figures and proper 

units.  Be sure you use the abbreviation of the unit and do not spell it out. Furthermore, do 

not include the error, i.e., +/- 0.001, when writing the magnitude. 

Photo 1: Take a close-up photo of the temperature reading of the thermometer in water. 
 

Measuring Mass 

Go to the link here and read the proper procedure on how to read a scale.  Scale Reading. 

Measure the mass of the following objects.  You must record all significant figures from the 

balance.  This means measurements to 0.01 g.  If the numbers on the scale fluctuate, keep 

perfectly still when recording the mass.  Be sure you use the abbreviation of the unit and do not 

spell it out. Furthermore, do not include the error, i.e., +/- 0.001, when writing the magnitude. 

a. Cube 
b. 100 mL beaker 
c. 5 mL (or 10 mL) graduated cylinder 

Photo 2: Take a digital close-up photo of the mass reading of the cube on the scale.  

d. Estimate the mass of your scientific calculator to the nearest gram.  Do not measure it on the scale just estimate the weight.  
The precision should not be to the same degree as your measurements above since this is an estimate. 
 

Measuring Length 

Go to the link here and read the proper procedure on how to read a ruler.  Ruler Reading. 

Measure the following lengths, in centimeters, using a ruler or measuring tape (that has metric units), and record the 

measurements in your datasheet with the correct number of significant figures and units.  Record the measurement to the 

precision of the ruler.  On the ruler the lines represent millimeters or 0.1 cm.  Therefore, your measurements should be recorded 

to the 0.01 cm.  Be sure you use the abbreviation of the unit and do not spell it out. Furthermore, do not include the error, i.e., 

+/- 0.001, when writing the magnitude. 

a. The width of your palm centimeters 
(Trace your right palm on a piece of paper and then measure the width from this trace) 

b. The length of one side of the plastic cube 
c. The circumference of a 400 mL beaker  
        (Use a string or paper to wrap the circumference of the beaker,  
        mark the point in which the sting or paper first intersects and then measure that length) 

Photo 3: Take a photo of you palm traced on a piece of paper and a ruler showing the width. 
d. Estimate the length of your calculator to the nearest centimeters.  Do not measure, just estimate. 
The precision should not be to the same degree as your measurements above since this is an estimate.  
 

Measuring Volume 

Go to the link here and read the proper procedure on how to read a graduated cylinder.  Graduated Cylinder Reading. 

For each of the 3 graduated cylinders, do the following procedure. 

1. Determine the value of each increment in milliliters.   

2. Fill each cylinder three fourth (3/4) way.  The exact amount is not important. 

A meniscus as seen in 
a burette of colored water. 
'20.00 mL' is the correct 
depth measurement. 
 
By PRHaney (Own work) [CC 
BY-SA 3.0 

(https://creativecommons.org/li
censes/by-sa/3.0)], via 

Wikimedia  
 

Source: File:Meniscus.jpg - 

https://en.wikipedia.org 

https://fogarces.com/LabMatters/ChemTech/modules/thermom/thermomdesc.htm
http://faculty.sdmiramar.edu/fgarces/LabMatters/ChemTech/modules/balance/baldesc.htm
https://sciencing.com/read-ruler-centimeters-inches-millimeters-6088070.html
http://fogarces.com/LabMatters/ChemTech/modules/gradcyl/graddesc.htm
https://en.wikipedia.org/wiki/Burette
https://commons.wikimedia.org/wiki/File:Meniscus.jpg
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3. Read and record the volume in milliliters for each of the three graduated cylinders that you just filled with water.   Record 

the volume from the bottom of the meniscus.  Be sure you use the abbreviation of the unit and do not spell it out. 

Furthermore, do not include the error, i.e., +/- 0.001, when writing the magnitude. 

a. 100 ml graduated cylinder (to nearest 0.1 ml) 

b. 50 ml graduated cylinder (to nearest 0.1 ml) 

c. 5 ml (or 10-mL) graduated cylinder (to nearest 0.01 ml) 

Photo 4: Take a digital photo of all three graduated cylinder filled with water.  

d. Estimate Fill one of your test tubes to the top and estimate the volume of liquid to the nearest ml.  Do not measure, just 
estimate.  The precision should not be to the same degree as your measurements above since this is an estimate.   
 

Part II – Determination of Density & Identity of an Unknown object. 

Obtain the plastic cube from your material kit from Miramar college.  Do not use the metal cube. 

To determine the density first measure the mass using the laboratory scale. 
 

I. Volume by direct measurement  

Measure the length (l), width (w) and height (h) of the cube in centimeters.   

Calculate the volume using the formula, V = w x  l x h, which should have units of cm3.  Note that 1 cm3 = 1cc = 1ml.  Show your 

measurement in your datasheet and show your calculations.  Use correct significant figures with proper units. 
 

Calculate the density of the cube using the equation below. 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑚𝑎𝑠𝑠 (𝑔)

𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙)
  

 

Volume by displacement 

Take a graduated cylinder and fill it half-way to a convenient volume (~ 20 mL or 80-ml).   

Read the volume of the water to the precision of the graduated cylinder.   

Slowly slide the cube down the graduated cylinder being careful not to splash the water to the side.   

If the cube does not go all the way to the bottom, just make sure it is completely submerged before the next step. 

Measure the new displaced volume to the precision of the graduated cylinder. * 

Using the mass from step1, calculate the density using this volume measured by displacement.  Record your work and data in 

your datasheet. 

*  Remember that the volume of the cube is the difference between Vf – Vi.  This difference is the amount of water volume that is 

displaced by the volume of the cube. 

Photo 5: Take a digital close-up photo of the graduated cylinder with cube submerged showing the water level and the cube. 
 

For the Post Lab Questions 

Identify your unknown based on the experimental density from a list of possible metals. 

Table of Possible Unknowns 

Material 
[Theoretical Value] 

Density (g/mL)  

Acrylic 1.19 

Cellulose Acetate 1.28 

Glass Pyrex 2.21 
Glass common 2.60 

Granite 2.70 

Alabaster carbonate 2.75 

Calculate the percent error of the density you just measured from the listed density of the cube you have.   
 

%  𝑒𝑟𝑟𝑜𝑟 =  |
𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 − 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙
|  𝑥 100 

 

Remember this equation.  It will be used for all percent error (% error) calculation throughout this course. 

Write this equation somewhere that you can retrieve it for future experiments. 
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03Lab | Experiment 2:  Measurements, the Metric System & Density, Data Sheets  

Last Name________________________First_________________________  ____ / _____ pts 

Part I – Metric Measurements & Estimates 
 

 magnitude Units (use abbreviation) 

Temperature   

 

Mass magnitude Units (use abbreviation) 

 Cube   

 100 mL beaker   

 5 mL graduated cylinder   

 Scientific Calculator   ** estimate**   

 
 
 

     Length magnitude Units (use abbreviation) 

 Width of your right palm. 

(Trace you right hand on a piece of paper and 
measure the width)  
 

  

 Cube one of the side lengths   

 Circumference of 400 mL beaker   

 Calculator length   **estimate**   

 
 
 

Volume magnitude Units (use abbreviation) 

 100 ml graduated cylinder   

 50 ml (or 25 mL) graduated cylinder 
This is the equipment provided by KLM 
 

  

 5 ml (or 10mL) graduated cylinder   

 Full test tube **estimate**   

 
 
Magnitude is the numerical value of the measurement. 

 

https://www.youtube.com/watch?v=0B91xPrwcPE


39 
 

Part II – Determination of Density & Identity of an Unknown object. 
 
Description of cube (please write detail observations):  
 

Mass Magnitude units When writing units, please use the unit’s abbreviation. 

Cube                                         Calculation of Density. (show) 

 
 
I.  Direct Volume 

 
 
Magnitude 

 
 
units 

 

  Length    

 Width   

 Heights   

Base on the geometric  
item you measured:            𝐿 𝑥 𝑊 𝑥 𝐻   (for a cube) 

 Volume   

 Density   

 
 
 
 
II.  Volume by Displacement    Magnitude Unit            Calculation of Density.  (show) 

  Volume initial    

 Volume Final   

 

Base on the volume displacement 
item you measured:            𝑉𝑜𝑙 𝑓𝑖𝑛𝑎𝑙 −  𝑣𝑜𝑙 𝑖𝑛𝑖𝑡𝑎𝑙   
(for a cube) 

 Volume   

 Density   

 
 

Photos 

Take these photos during the procedure and don’t forget to include your ID in the foreground of the photo. 

Photo 1: Take a digital close-up photo of the temperature reading of the thermometer in the beaker of water.  

Photo 2: Take a digital close-up photo of the mass reading of the cube on the scale.  

Photo 3: Take a digital close-up photo of you measuring the width of your palm. 

Photo 4: Take a digital close-up photo of the three graduated cylinders with ¾ full of liquid water. 

Photo 5: Take a digital close-up photo of the graduated cylinder with cube submerged showing the water level and the cube. 

For next week, check to make sure you have all the chemicals and supplies for next week's experiment. 
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03Lab | Experiment 02:  Measurements, the Metric System & Density, Pre-Lab  
Last Name ________________________First_________________________ ____ / _____ pts 

Pre-Lab Questions 
Answer these prelab questions in Canvas before you begin the experiment. 

You are graded based on your answer in Canvas so please make sure you complete the exercise. 

(Show your work in this worksheet and then upload your answer file in the last question in Canvas. 

 

Use the following link to get some conversion factors that you may use for this exercise.  

Use the conversion factors found in the appendix  of the lab manual. 

1. Calculate the following metric conversion (express answers in scientific notation): 

1.0 • 109 nm = __________ m  

 

1.0 km = __________ m 

1.0 • 106 𝜇m = __________ m  

 

1.0 Mm = __________ m 

1.0 • 103 mm = __________ m  

 

1.0 Gm = __________ m 

1.0 • 102 cm = __________ m  1.0 Tm = __________ m 

 
 
2. Complete the table below with the correct temperature: 

 

__________ °F 

 

= 

 

__________ °C 

 

= 

 

0.00 K 

 

__________ °F 

 

= 

 

105.0 °C 

 

= 

 

__________ K 

 

98.7 °F 

 

= 

 

__________ °C 

 

= 

 

__________ K 

 
 
3. Complete the table below by finding by English to Metric or vice-versa: 

 

4.000 oz 

 

= 

 

__________ mg 

 

= 

 

__________ g 

 

__________ qt 

 

= 

 

454.0 ml 

 

= 

 

__________ L 

 

__________ in 

 

= 

 

__________ cm 

 

= 

 

3.05 m 

 
 
 
 
 
Do not forget to upload this prelab worksheet in Canvas.  
(Your college photo ID should be in the foreground when you take a pic of the completed worksheet) 

 

http://fogarces.com/zCourse/All_Year/Ch100/a_Lab/08LbOL_LabMUL/Chem100LManual.pdf#page=135
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03Lab | Experiment 02:  Measurements, the Metric System & Density, Post-Lab  
Last Name ________________________First_________________________ ____ / _____ pts 

Post-Lab Questions 
1. Explain why the two density values from your calculations might be different.  Inspect the number of significant figures for 

each measurement and speculate which method for the determination of the volume of the cube may be more precise. 

 

 

 

 

2. Based on the measured densities, identify the metal that your cube is made of.  Calculate the percent error in your 

measurement. 

________Identity of Unknown 

            _________ % Error               

 
Temperature Conversion.  Do the following conversions for the temperature of the water. 

measurement from part I 

Fahrenheit Equation:  

°F = (180/100 x °C) + 32 

Kelvin Equation 

K = °C + 273.15 

 
°F K 

 

Water Temp.  ___________ 

  

Show your calculations for the temperature of the water.   

 

 
 
 
Mass Conversions.  Do the following conversions for the mass of the cube and the 100-mL Beaker. 

Use the conversion factors found in the appendix  of the lab manual. 

measurement from part I 

Conversion factor:  

____mg = ____g 

Conversion factor:  

____g = ___kg 

Conversion factor: 

____lb = ___g 

(Write the conversion factor values) milligrams kilograms pounds 

 

Cube ___________ 

   

 

100mL Beaker ________ 

   

Show calculations for the mass of the cube.  Show the dimensional analysis technique with units canceling.  Circle your answer. 

 

 

 

 

 

 

 
 

http://fogarces.com/zCourse/All_Year/Ch100/a_Lab/08LbOL_LabMUL/Chem100LManual.pdf#page=135
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Length Conversions.  Do the following conversions for the length of the shoe and the circumference of the 400-mL Beaker. 

Use the conversion factors found in the appendix  of the lab manual. 

measurement from part I 

Conversion factor:  

____mm = ____cm 

Conversion factor:  

____m = ___cm 

Conversion factor:  

____in = ___cm 

(Write the conversion factor values) millimeters meters inches 

 

Length of Cube ___________ 

   

Circumference 400 mL beaker 

___________ 

   

Show your calculations with the circumference of the 400 mL beaker.  Show the dimensional analysis technique in which units 

cancel.   

 

 

 

 

 

 

 

 

Volume Conversions.  Do the following conversions for the volume of the 10-mL cylinder and the 100-mL cylinder. 

Use the conversion factors found in the appendix of the lab manual. 

measurement from part I 

Conversion factor:  

______mL = ______L 

Conversion factor:  

______mL = _____qt 

(Write the conversion factor values) 
Liters quart 

 

10 mL graduated cylinder   

___________ 

  

 

100 mL graduated cylinder 

______________ 

  

Show your calculations for the volume of the 100 mL graduated cylinder.  Show the dimensional analysis technique in which 

units cancel.   

 

 
 
 
 
 
 
 
 
Do not forget to upload this postlab worksheet in Canvas.  
(Your college photo ID should be in the foreground when you take a pic of the completed worksheet) 

 

http://fogarces.com/zCourse/All_Year/Ch100/a_Lab/08LbOL_LabMUL/Chem100LManual.pdf#page=135
http://fogarces.com/zCourse/All_Year/Ch100/a_Lab/08LbOL_LabMUL/Chem100LManual.pdf#page=135
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04Lab | Experiment 03:  Studying Density and Miscibility of liquids. 
Objective 
The goal of this experiment is to determine the densities of three unknown liquid, test the miscibility of each liquid to each other 
and the solubility of water in each liquid.   
Instructor's Note:  The emphasis of your grade will be making correct measurements and making detail observations. 

Equipment and Chemicals 

KLM Equipment (3) 13 x 100 mm TT w/ +stoppers (1) 15 x 150mm TT w/ +stoppers *5-mL grad cylinder Test tube brush 
Miramar supply Different Unknown Liquid A, B and C 

Colored water 
Digital Scale 
Forceps 

Stirring rod w/ policeman 
 

Berel Pipettes 

You supply  
*Note that in lieu of a 5 mL graduated cylinder, a 10 ml graduated cylinder can also be used as long as the grduations are 0.1 ml. 

Introduction 

Reading:  Please review the topic on solubility, miscibility and density. 

Density, Miscibility and Solubility 

How does oil and water mix at the molecular level?  Does oil sink or float in water?  Are the two liquids miscible in each other?  
The answer to these questions will be investigated in this experiment.  Physical properties such as densities and miscibility of 
various liquids in water may help provide answers to these questions.  

An observable (or measurable) property of matter i.e., color, bpt, mpt, conductivity, texture, miscibility specific heat and density 
are important in helping identify different substances and how they interact with each other.  Consider what occurs when 
vinegar and oil are mixed in Italian salad dressing.  The oil floats on top and the vinegar and the herbs sinks to the bottom.  We 
say that the oil is less dense than the vinegar.  We can also state that oil and vinegar are immiscible.  

Density (d or 𝜌) is defined as the mass per unit volume. Density relates the mass to the volume for a given substance and is 
usually unique for those particular substances.  The table below shows the density of various substances. 

Table II; Densities for various substances 

 Substance Formula Density (g/cc)  Substance Formula Density (g/cc) 

 Hexanes C6H14 0.655  Aluminum Al 2.70 

 Ethanol C2H5OH 0.789  Iron Fe 7.86 

 isopropanol C3H7OH 0.786  Brass Cu/Zn Alloy 8.73 

 Mineral Oil Hydrocarbons 0.89  Silver Ag 10.5 
 Water H2O 1.00  Lead Pb 11.34 

 30% Salt water H2O + NaCl 1.20  Copper Cu 8.96 

 Glycol C2H6O2 1.26  Gold Au 19.3 
 

The ratio between the densities of the sample over the density of water (20 °C) is referred to as specific gravity. 
(s.g. = d [g/cc] (sample) / 𝜌 [g/cc] (H2O@20°C)).  Specific gravity is a unitless quantity.  
s.g. is an indicator of how much denser a substance is relative to water. 

s.g. > 1 (more dense than H2O) Sinks in water 

s.g. < 1 (less dense than H2O) Floats in water 
 

When a solute completely dissolves in a solvent the mixture is called a “true” solution.  They are: 
 • Distribution of particles is uniform 
 • Components in solution do not separate upon standing 
 • Components cannot be separated by filtration. 
 • Solute / Solvent mixes in ratios - up to the solubility limit. 
 • Solution is almost always transparent. 
 • Compounds of solution may be separated by other methods i.e., distillation or chromatography. 
A solid solute in a liquid solvent is one of the most common types of solution.  The solubility of the solute is the maximum 
amount of that solute that dissolves in each amount of solvent at a given temperature.  A solution in which more solute can 
dissolve in the solvent is considered unsaturated.  A solution that contains all the solute it can dissolve is called saturated.  A 
solution that contains more solute, in the dissolved form, than normal is considered supersaturated. 

 

https://en.wikipedia.org/wiki/Solubility
https://en.wikipedia.org/wiki/Miscibility
https://en.wikipedia.org/wiki/Density
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Consider a NaCl solute with a solubility (s) of 35.7 g per 100cc water. The volume in the diagram is 50 mL. 

 

  unsaturated 
solution  

 s = 10 g / 50 cc 

     saturated 
solution 

    s= 17.8 g / 50 cc 

      supersaturated 
solution 

     s = 20 g / 50 cc 

           miscible liquid-  
           liquid mixture 

              Immiscible 
            liquid – liquid 

mixture 
 
 

Mixed- liquids solutions that are soluble in each other are considered miscible and if the mixed-liquids are not soluble in each 

other, the mixture is considered immiscible.  

Miscible and immiscible are term used for liquid solute- liquid solvent system, whereas soluble and insoluble are used for solid 

solute and liquid solvent systems.  Miscible liquids are liquids that are soluble in each other, and immiscible liquids form separate 

layers, see the illustrations above. 

The factors affecting the solubility (miscibility) of substances to each other are: 1) the solute-solvent characteristics, 2) the 

temperature factor and 3) the pressure factor.  The pressure factor is only a factor when the solute is a gas.  In aqueous solution, 

water as the solvent will dissolve only in other polar molecules.  (Note that although there will always be minuscule amount of 

solute dissolved in any solvent in such a situation, the amount is negligible for this class) Oil for example is a nonpolar substance 

that will only dissolve other nonpolar substances such as organic solvent, i.e., grease and gasoline.  A rule of thumb for solubility 

or miscibility is “Like Dissolves Like”. 

 

Photos 

Take these photos during the procedure.   

Photo1:  Take a Photo of the graduated cylinder on the scale with the mass of the graduated cylinder and Unknown A shown in the scale display. 

Photo2:  Take a Photo of the 3 liquids forming 3 separate layers in the 18 x 150mm (large) test tube. The photo should show three distinct layers. 

Photo3:  Take a Photo of the three liquids with the colored water added to the mixture but before the mixture is shaken. 

Photo4:  Take a Photo of the three liquids with the water after shaking the content and waiting at least an hour for the moisture to settle. 

At this point check to make sure you have all the chemicals and supplies for next week's experiment. 
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Procedure –  

Be sure to record your observations in the data sheet under the heading “observations”.  If you forget this, you will lose points. 

All liquids used in this experiment are considered safe and are found in the kitchen or medicine cabinet.  You should however 

practice safe science by wearing safety goggles when conducting this experiment.  Finally, even though these liquids are 

household items, chemicals used in the lab should never be inhaled or ingested. 

Glycerol:  Avoid inhalation.  People use as medicine.  Not expected to be a health hazard  
Mineral Oil:  Cooking Oil:  Handle carefully.  Not expected to be a health hazard 
Dish Soap. Cooking Oil:  Handle carefully.  Not expected to be a health hazard 
Cooking Oil:  Handle carefully.  Not expected to be a health hazard 
Corn Syrup:  Handle carefully.  Not expected to be a health hazard 
Hexanes: Handle carefully.  Flammable, irritant and toxic 
Ethanol: Handle carefully.  Flammable and toxic 
 

Caution: Some of the unknown liquids you will use in this experiment are flammable, toxic, and irritants. 
Do not use these liquids near an open flame.  Prevent contact with eyes, skin, combustible material, and 
clothing. Avoid inhaling vapors and ingesting the compounds.  

Use different volume for liquid A, B and C.  Using different volumes allow you to determine which layer is 
which in the last step of this experiment. 

1.  Pre-wash three 13x100mm (small) test tubes, one 18 x 150mm (large) test tube, and a 5 mL 
graduated cylinder.  Dry in a 100 mL beaker. 

2. Determine the mass of a clean dry 5-mL graduated cylinder. Record the mass on your data sheet. 

 

 

3. Remove the graduated cylinder from the balance and then add between 1 to 2 
mL of liquid A into the graduated cylinder.  Record the volume in your data sheet 
with the correct precision. Place the graduated cylinder on the digital balance and 
record the mass of the liquid and graduated cylinder.  Record this value in your 
data sheet.   

Photo1:  Take a Photo of the graduated cylinder on the scale with the mass of the graduated 
cylinder and Unknown A shown in the scale display. 

              

 

4. Remove the graduated cylinder from the balance and pour the content into the 
first of three 13x100mm (small) test tubes. Be sure to pour all the content into the 
test tube.  Label this test tube “liquid A”.  Save the container of liquid A and add 0.5 
mL of colored water.  Determine if the two liquids are miscible to each other. 

5. Wash the graduated cylinder with soap and water using your test tube brush.  Do 
a final rinse with deionized water and then dry completely. 

 
6. Weigh the graduated cylinder on the balance again to make sure the 

mass did not drift, (Record the mass in your data sheet).  Add 

between 1 - 3 mL of liquid B into the graduated cylinder and record 

the volume in your data sheet.  Place the graduated cylinder with 

liquid B on the balance and record the mass. 

 
7. Remove the graduated cylinder from the balance and pour the content into the second of three 13x100mm (small) test 
tubes. Be sure to pour all the content into the test tube.  Label this test tube “liquid B”.  Save the container of liquid B and add 
0.5 mL of colored water.  Determine if the two liquids are miscible to each other. 

 
8. Wash the graduated cylinder with soap and water using your test tube brush.  Be sure to do a final rinse with deionized water 
and then dry the graduated cylinder. 
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9. Weigh the graduated cylinder on the balance again to make sure 
the mass did not drift, (Record the mass in your data sheet).  Add 
between 2 - 4 mL of liquid C into the graduated cylinder and record 
the volume in your data sheet.  Place the graduated cylinder with 
liquid C on the balance and record the mass.  Save the container of 
liquid C and add .05 mL of colored water.  Determine if the two 
liquids are miscible to each other. 

 

10. Remove the graduated cylinder from the balance and leave the content in the graduated cylinder and be sure to label this 

“liquid C”.  You can also pour the content in another 13x100mm (small) test tubes and label “liquid C” .  Set this aside. 

 

11. Calculate the densities of liquids A, B, and C using the data you have obtained for these liquids. Show your work on the data 

sheet. 

 

12   Starting with the most, dense liquid and ending with the least dense 
liquid, slowly pour the most, dense liquid into a clean, dry 18 x 150-mm 
test tube followed by the next dense followed by the least dense. 
Record on your Data Sheet in the order in which you poured the liquids. 

 

Caution: Do not handle any of the liquids with your hands.  Use the 

berel pipet handle all the liquids. 

 
13 Photo2:  Take a Photo of the three liquids forming three separate layers in the 18 x 150mm (large) test tube. Be sure that the photo shows 

three distinct layers. 

Next add 0.5 mL (10 drops) of colored water into the mixture using a berel pipet. After adding the water to the liquids in the 

large test tube, allow the liquid to settle. Indicate the levels of the liquid layers in the figure on your data sheet, label each layer 

with the appropriate letter, and label the color of each layer after you have added the water.  Write your observation of what 

happens to the water droplets as it settles in the liquid. 

Photo3:  Take a Photo of the three liquids with the colored water added to the mixture but before the mixture is shaken. 

 

14.  Place a stopper on the 18 x 150mm test tube and then mix the content.  Observe what happens to the mixture.  Indicate the 

levels of the liquid layers in the figure on your data sheet, label each layer with the appropriate letter, and label the color of each 

layer after you mixed the content. 

Photo4:  Take a Photo of the three liquids with the water after shaking the content and waiting at least an hour for the moisture to settle. 

 

15. Dispose of the contents of the large test tube in a plastic water and labeled 

this “Waste”.  Wash your glassware with detergent, rinse, and drain to dry.  

Caution: Clean up your work area and wash your hands thoroughly with soap or 

detergent before leaving your work area.  
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04Lab | Experiment 03:  Studying Density, Miscibility and Solubility, Data Sheets  

Last Name________________________First_________________________  ____ / _____ pts 

Observations: Write your observations here. 
 
 
 
Data Sheet- Write units abbreviation after each measurement entry. 

 Liquid A Liquid B Liquid C 

(1) mass of 5-mL graduated cylinder in grams 

 

   

(2) mass of 5-mL graduated cylinder and liquids in grams 

 

   

(3) mass of liquid in grams 

 

   

(4) volume of liquid in milliliters to hundredth of mL. 

 

   

(5) density of liquid.  Be sure to include units. 

 

   

Show density calculations which also shows in the space provided.  Indicate the units in your calculations. 
 
 
 
 
 
 
 
 (6) Write the order that you poured liquids into the large test tube.  Write a description of the layers next to each test tube. 

First (mix) Second (label) Third (shake) 
(7) Step 12: Draw lines in the figure to 
indicate the levels of the liquid layers in 
your large test tube. Label each layer 
with the appropriate letter. 

 

(8) Step 13: Label the color of each 
layer after you have added the water. 
But do not shake the solution yet. 

(9) Step 14: Stopper the test tube and 
shake.  Draw the levels of the liquid 
layer and try and identify the layers. 
Indicate the colors of the layers. 

 

 
 

 

 

In addition, be sure to turn in the following with your report:  
Photo1:  Take a Photo of the graduated cylinder on the scale with the mass of the graduated cylinder and Unknown A shown in the scale display. 

Photo2:  Take a Photo of the 3 liquids forming 3 separate layers in the 18 x 150mm (large) test tube. The photo should show three distinct layers. 

Photo3:  Take a Photo of the three liquids with the colored water added to the mixture but before the mixture is shaken. 

Photo4:  Take a Photo of the three liquids with the water after shaking the content and waiting at least an hour for the moisture to settle. 

Each photo should show your college ID in the foreground. 

Your next experiment is a video simulation.  There are no chemicals or equipment needed for this experiment. 
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04Lab | Experiment 3:  Studying Density, Miscibility and Solubility, Pre-Lab  
Last Name ________________________First_________________________ ____ / _____ pts 
Prelab Questions  

Answer these prelab questions and in canvas before you begin the experiment. 
Read in your textbook or click on these link to learn about density, miscibility, and solubility.   
 
1. What precautions must you take when handling the unknowns mentioned in the procedure of this experiment?  
 
2. Write the mathematical expression for density.  
 
3. A student collected the following data in the laboratory.  
 Note that these measurements will be different from the Canvas version. 

unknown liquid  Chemical-X 

mass of graduated cylinder 35.54 g 

mass of graduated cylinder and liquid 39.34g 

 

 

a) What is the volume of the liquid in the graduated cylinder? 
 (Use the correct precision) 
 
 
 
(b) Calculate the density of the unknown liquid. 
 (Use the correct number of significant figures) 

 

 Volume of unknown liquid 

4.  Describe the following combinations of the substances as miscible, immiscible, soluble, or insoluble. 
 (Use the correct term in your answer.) 

(a) sand sinks to the bottom of a beaker of water  

 

(b) rubbing alcohol and grain alcohol mix completely  

 

(c) liquid mercury sinks to the bottom of a beaker of water  

 

(d) an aluminum boat floats on a lake  

 

(e) sugar disappears when stirred into hot water  

 
5. (a) Based on your personal experience, predict what would happen if you put cooking oil, water, and an ice cube in a tall glass.   
 
 
(b) Draw a representation of what you predict.  Be sure to illustrate the different layers and the ice placement in the layers. 
 
 
(c) Go to your kitchen and test your prediction. Do the results of your experiment match your prediction? Briefly explain. 
Go to your kitchen and do this experiment and take a photo of the results.  Draw a picture and upload the photo into the canvas 
question.  Form layers of water should be 6 cm thick; the oil must be 4 cm thick, and the ice needs to be at least 2 cm thick. 
 
 
 
Do not forget to upload this prelab worksheet in Canvas with photo of ID in foreground.  

 

https://www.acs.org/content/acs/en/education/resources/k-8/inquiryinaction/fifth-grade/substances-have-characteristic-properties/density-of-liquids.html
https://sciencenotes.org/miscible-definition-in-chemistry-what-is-miscibility/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjPwLSrko_xAhW3IjQIHSSeBkIQFjARegQIJRAE&url=https%3A%2F%2Fsciencing.com%2Fsoluble-mean-science-7446823.html&usg=AOvVaw2wivVd6UU6N3VhQTIPr3dY
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04Lab | Experiment 03:  Studying Density, Miscibility and Solubility, Post-Lab  
Last Name ________________________First_________________________ ____ / _____ pts 

Post Lab Questions:  

Answer these post lab questions as part of the report you turn in for this experiment. 

1.  State if the following liquids are miscible or immiscible in each other and justify your answer to each question below based on 
the diagrams you drew in the previous page. 

Liquids being Mixed Miscible or 
Immiscible 

Justification 
Cite your observations from this lab 

a) Liquid A and Liquid B 

 

 

  

b) Liquid B and Liquid C 

 

 

  

c) Liquid C and Liquid A 

 

  

 
 
 
 
2.  State if the colored water is miscible in each liquid. 

Liquids  Miscible 
or immiscible 

Justification of Miscibility Identity of Liquid 
See Table II 

a) Liquid A 

 

   

b) Liquid B 

 

   

c) Liquid C  
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3. Given the following data, determine how the following solid blocks will settle upon adding all the solids to a bucket full of 

water. (Show calculations and indicate units in your calculations. Draw a sketch of the results when the blocks are placed in 
the bucket and write a justification for your answer. 

 
Substance Mass, g Volume, mL 

   

Solid -A  

Solid -B  

Solid -C 

68. g  60.0 mL 

39.5 g  50.0 ml 

35.45 g  35.5 mL 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Do not forget to upload this prelab worksheet in Canvas with photo of ID in foreground. 
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05Lab | Experiment 04:  Separation of a Ternary Mixture (Video lab) 

Objective 

In this experiment, students create a mixture of 3 substances, iodine, sand, and cobalt (II) chloride hexahydrate and then 

separate them using a variety of separation methods.  The goal of this experiment is to familiarize students with the methods of 

separation, identify the isolated substance at each step and to identify physical and chemical changes that may occur during the 

separation of the mixture.   

Instructor's Note:  The emphasis of this lab is to write detailed observations and to document these observations on the 

datasheet.  Making careful observations should lead to the correct conclusion based on separation throughout the experiment. 

 

Material and Chemicals.  This is a video simulation.  No materials are required. 

KLM Equipment Alcohol burner w/ stand 

 (rubbing alcohol for fuel) *  

(3) 13 x 100mm Test 

tube 100 mL beaker 

Wash bottle  

250mL beaker 

400mL beaker Spatula 

Miramar supply Cobalt (II) chloride Hexahydrate    CoCl2•6H2O 

Cobalt (II) Chloride (Anhydrous).   CoCl2 

Iodine crystals (I2) 

Sand (SiO2) 

Evaporating dish 

Crucible tong 

 Forceps 

Berel pipet  

wire gauze  

Stirring rod w/ policeman  

You supply: distilled water ice cubes  oven mitts 

*  As an option, you can use the burner from your stove to heat mixtures in this experiment. 

 

The amount use for this experiment are - 

* No more that 500 mg of CoCl2•6H2O. 

The size of the crystal of Iodine crystal used should be no more than a few millimeters.  

The amount of Sand or SiO2 should be a few grams, or about the amount of two dimes. 

 

 

Introduction 

The three substances that will be components in our heterogeneous mixture have some unique chemical and physical properties 

that will be exploited in the process of isolating each.   Here are some relevant definitions for this experiment: 

Sublimation - the phase change when solid changes to a gas without passing through a liquid.  One compound that sublimates at 

atmospheric pressure is CO2, also known as dry ice.  This happens in step 2 of this experiment. 

Solubility - the ability of a substance to dissolve in water, creating an aqueous solution.  When a substance is dissolved in water, 

its physical state is termed aqueous and is denoted (aq).  It is NOT in a liquid state. This happens in step 3 of this experiment. 

Density – Density is mass divided by volume (g/ml), and it impacts the ability of a substance to sink or float in a liquid or gas.  This 

is used in step 4 of this experiment. 

Volatility – The tendency or ease by which a substance changes to the vapor phase.  This happens in steps 2 & 5. 

Miscibility – The ability of two liquids to mix homogeneously in all proportions.  Water and ethanol are miscible.   

Isolated – A substance is isolated when it has been removed from all other substances.  This is the theme of this experiment. 

Decantation – The technique of decantation exploits the difference in solubility and density between two or more substances for 

separation.  In a heterogeneous aqueous mixture, where one substance is insoluble and resting on the bottom of the container, 

the liquid is poured out of the container without transferring the insoluble dense substance, which rests on the bottom. This is 

used in step 4 of this experiment. 

Hydrate – In this experiment, cobalt (II) chloride is seen in two forms, the anhydrous (without water) form (CoCl2) and the 

hydrated form (CoCl2•6H2O).  Both forms of cobalt (II)chloride are solids, but they have a very noticeable difference in physical 

properties.  Hexahydrate means that there are six waters in the basic formula of the substance. 
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Procedure –  

Observation of the Starting material.  Obtain three substances, iodine (I2), sand (mostly SiO2), and cobalt (II) chloride 

hexahydrate (CoCl2•6H2O), and place these in three small test tubes.    In general, measure out two crystals of iodine about 1- 2 

mm in size (tip of spatula) Please do not use more than this amount.  Use an amount of cobalt (II) chloride about 5mm diameter.  

The amount of sand should be the size of a nickel (1/4 teaspoon).  Write a description of the appearance of each substance 

individually. At each stage of the procedure be sure to identify the isolated species and the physical property that facilitated the 

isolation.  In your observation, circle the basis of separation.  Underline the compound that was isolated.  Underline none if 

nothing was isolated in that step. 

 

Steps.   Procedure (The steps here, 1 – 5, are color coded to the data sheet, basis of separation) 

Step 
1    . 

 

 

 

Observe the starting material.  Write a description of each of substance in your data sheet.  

Create the mixture.  Thoroughly mix the three substances in a 250 ml beaker.  Write a description of the appearance 

of the mixture in your datasheet in Row 1.  Note if the evaporating dish is too small for the beaker, use the 100mL 

beaker in this step. 

Photo1: Screenshot of the three substances that are isolated substances in the wax paper. 

Photo2:  Screenshot of the three mix substances in the beaker. 

Step 
2    . 

 

Sublimation of Substance A.  Place crushed ice in an evaporating dish over the 250ml 

beaker.  Place the beaker with the evaporating dish on a warm hot plate or your alcohol 

burner and observe the mixture while it is heated.  Continue to heat the beaker until there 

is no more signs of gas in the beaker.  If you still see gas, in the beaker, you are not done.  It 

must be clear and colorless before you can proceed to the next step.  Observe what 

happens to all three components of the mixture.  To make careful observation, it is best to 

follow either iodine or the cobalt substance during the heating process.  Inspect the 

underside of the evaporating dish during this step. 

 

Observations.  When nothing else appears to be happening, remove the beaker from the 

alcohol burner.  Be careful that the ice does not melt to the point that some of the ice leaks 

down into the beaker.  Allow the beaker to cool for 2-5 minutes before handling it.  Use oven mitts to remove the 

evaporating dish from the 250-mL beaker.  Pour the water and ice from the evaporating dish to a 50mL beaker.  Place 

a paper towel on top of your work area and then invert the evaporating dish on the paper towel. What is the identity 

of the residue that accumulated at the bottom of the evaporating dish?  Which substance has been isolated? Record 

your answer and observation on your datasheet (in row 2 if the data sheet table). 

 

Photo3: Screenshot of the purple gas subliming to the bottom of the evaporating dish. 

 

Stop when there are no purple vapors present.  Do not overheat the beaker.  To make careful observation, it is best 

to follow either iodine or the cobalt substance during the heating process. 

 

Photo4: Screenshot of the solid at the bottom of the evaporating dish 
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Step 
3    . 

 

Adding water to B & C.  Record observations of the remaining mixture.  Add approximately 10 mL of water to the 

250mL beaker and stir.  What is happening?  Record the color of the solution and solid inside this beaker.  Write 

your observation on your datasheet (row 3).  Make sure you use a minimum amount of water otherwise step 5 

will be tedious and long. 

 

Note, that if the color of the solution is other than lavender, i.e., brown, or black, then you had stopped the 

heating in part 2 prematurely.  Your instructor may ask you to repeat the procedure with smaller quantities of 

iodine and cobalt (II) chloride hexahydrate. 

 

Photo5: Screenshot of the remaining mixture when water is added to mixture B and C. 

 

Step 
4    . 

 

Isolated substance B via decantation of C   

Decant the liquid from the solid in the 250-mL beaker into a 400mL 

beaker.  Add an additional 15mL back to the solid residue that 

remains in the 250mL beaker to wash the solid.  Decant the rinse 

into the 400mL beaker.  What substance is separated in this step?  

What color is the solid component?  Write your observations in 

row 4. 

 

Photo6: Screenshot of the two beakers containing substance B 

(isolated) and C (still dissolved in water).  

 

Step 
5    . 

 

Evaporating water to recover substance C.  Put the content of the 400 

mL beaker on the alcohol burner.  Heat until all the liquid has 

evaporated.  Observe and record what happens as the liquid 

evaporates.  Pay close attention to the color change as the last drop of 

liquid evaporates away.  What is the color of the remaining solid?  As 

soon as the last bit of liquid evaporates turn off the hot plate and allow 

the 400mL beaker to cool for a minute or two.  After recording your 

observation, add a small drop of water to the solid, what do you 

observe? Record all observations from this step in Row 5. 

 

Photo7: Screenshot of the solid residue remaining after evaporating the water from substance C.  

 

Write your detail observations. 

 

Cleaning Up.  Dispose of substances in waste container (plastic water bottle) and wash all your glassware.  Wipe down your 

work area.  Wash your hands thoroughly with soap and water before leaving your work area. 

 

Photo8: Screenshot of the separated substances A, B and C with each chemical identified. 

Be sure to place your ID in front of your computer monitor so that your student ID is clearly 

displayed.  See example to the right.  Notice that student placed ID in the screenshot. 
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Flowchart of Separation 
Scheme I 

 

 

 

Important:  Note the color code in this scheme for the five steps. 
Use the color in this scheme to guide you as your answer the questions in the datasheet. 
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05Lab | Experiment 4:  Separation of a Ternary Mixture, Datasheet 

Last Name ________________________First_________________________ ____ / _____ pts 

(1). Observations Table:  Match your observations with the steps below, otherwise your results will be marked incorrect. 

Please follow directions for this datasheet for maximum credit.  Use the color code to guide you on the steps of the procedure. 

Steps 

Observations: 
• Write down what is seen in each procedure.  
• Be as detailed as possible in your observation. 
• State what component is being isolated in each step, if any. 

Basis of separation: 
You must circle the basis of separation. 

[Solubility, density, volatility, miscibility, none] 
You must underline the isolated substance (or none).  

Step 
1    . 

 

 

  

*Circle the correct choice. 
[Solubility-density-volatility-miscibility-none] 
 

-Underline the correct choice 
a) Isolated I2  

b) Isolated CoCl2• 6H2O 

c) Isolated CoCl2 

d) Isolated Sand 

e) Isolated H2O 

f) None 

Step 
2    . 

 

 Circle the correct choice. 
[Solubility-density-volatility-miscibility-none] 
 

-Underline the correct choice 
a) Isolated I2  

b) Isolated CoCl2• 6H2O 

c) Isolated CoCl2 

d) Isolated Sand 

e) Isolated H2O 

f) None 

Step 
3    . 

 

 

 

 

 

*Circle the correct choice. 
[Solubility-density-volatility-miscibility-none] 
 

-Underline the correct choice 
a) Isolated I2  

b) Isolated CoCl2• 6H2O 

c) Isolated CoCl2 

d) Isolated Sand 

e) Isolated H2O 

f) None 

Step 
4    . 

 

 

  

*Circle the correct choice. 
[Solubility-density-volatility-miscibility-none]  

 

-Underline the correct choice 
a) Isolated I2  

b) Isolated CoCl2• 6H2O 

c) Isolated CoCl2 

d) Isolated Sand 

e) Isolated H2O 

f) None 

Step 
5    . 

 

 
 

Circle the correct choice. 
[Solubility-density-volatility-miscibility-none] 
 

-Underline the correct choice 
a) Isolated I2  

b) Isolated CoCl2• 6H2O 

c) Isolated CoCl2 

d) Isolated Sand 

e) Isolated H2O 

f) None 
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Flowchart Questions 

(2) The flow chart has detailed steps labeled i – x, see scheme 1 and the color guide for each step.  Follow the labels i to x 
to answer these questions.  Again, answer the following questions concerning procedures labeled i – x and support your 
explanation using your experimental observations.  For example, you may need to describe the color of the gas generated 
in step 2, question iii.  If you are naming a chemical, be sure you spell-out the correct name and do not abbreviate when 
referring to the chemical.  Use extra sheet if necessary but start your answer in the worksheet. 

i) What are the three substances that are mixed?  Describe their appearance. 

 

ii) Which chemical is in the majority in the mixture?  How do you know? 

 

iii) What is the color of the gas?  What is the identity of this gas?  How do you know? 

 

iv) What color is the bottom of the dish?  Be descriptive in its appearance and texture.  What is the identity of the chemical? 

 

v) What substance is added to the remaining mixture?  What happened to one of the two remaining substance? 

 

vi) What is the color of the aqueous solution?  What was dissolved in the aqueous phase? 

 

vii) What techniques is used to isolate the solid from the liquid in this step?  Why did the other substance remain in the beaker? 

 

viii) What is the color of the solid residue?  What is the chemical identity of this residue?  

 

ix) What chemical is removed in order to isolate chemical C? How was this chemical removed?  What property was exploited 
to remove this chemical. 
 
 
 
 
x) Step What is the color of the solid residue at the end of step 5?  What is the chemical identity of the residue (write the 
formula).  What is the identity when water is added to this residue (write the formula)? 
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Additional Questions 
3. i) Describe one separation technique that you learned about in this experiment and how it was used.  ii)What step (refer to the 
pictorial flowchart in Scheme I) was this technique used.  iii) Explain what happened. 

 

 

 

 

 

 

 

 

 

 

4.   In this experiment, physical properties were exploited in the separation of I2, sand and CoCl2.  In the separation methods, 
physical changes were observed with these substances.  It is NOT possible to separate cobalt from chloride in CoCl2 using physical 
changes.  i) What kind of change would be required to separate cobalt from chloride?  ii) Please explain what needs to occur for 
the separation to take place. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.  i) How does the addition of water change the physical properties of the cobalt (II) chloride substance?   
         ii) Write a chemical reaction that illustrates this process. 
 
 
 
 
 
 
 
 
Your ID must be included in the screenshot of each of these.  Place ID in front of screen of video and take photo. 
Photo1: Screenshot of the three substances that are isolated substances in the wax paper. 

Photo2:  Screenshot of the three mix substances in the beaker. 

Photo3: Screenshot of the purple gas subliming to the bottom of the evaporating dish. 

Photo4: Screenshot of the solid at the bottom of the evaporating dish 

Photo5: Screenshot of the remaining mixture when water is added to mixture B and C. 

Photo6: Screenshot of the two beakers containing substance B (isolated) and C (still dissolved in water).  

Photo7: Screenshot of the solid residue remaining after evaporating the water from substance C.  

Photo8: Screenshot of the separated substances A, B and C with each chemical identified. 

 

At this point check to make sure you have all the chemicals and supplies for the next experiment, scheduled in 4 weeks. 
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05Lab | Experiment 04:  Separation of a Ternary Mixture, Prelab 

Last Name ________________________First_________________________ ____ / _____ pts 

Prelab Questions  

Try to answer the following prelab in your lab journal before beginning the experiment. 
1.  Define the following terminology (especially as it is referred to in this experiment). 
a) sublimation 
 
 
 
 
 
b) volatility 
 
 
 
 
 
c) solubility 
 
 
 
 
 
d) hydrate 
 
 
 
 
 
2. Explain in words and a pictorial flow chart illustrating how you would isolate each substance individually from a mixture of 
pepper, salt, and water.  Each must be isolated in separate containers. 
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05Lab | Experiment 04:  Separation of a Ternary Mixture, Postlab 

Last Name________________________First_________________________  ____ / _____ pts 

Post lab Questions  

Answer these post lab questions and turn in to your instructor before you leave lab. 
1. What is the chemical identity of the purple gas when substance A, B and C are all heated? (Write the formula) 
   Justify your answer by citing the evidence as written in your observations in the datasheet.   
 
 
 
 
 
 
 
 
 
2. Which one of the three substances do we know is not soluble in water?  (Write the formula) 
   Justify your answer by citing the evidence as written in your observations in the datasheet. 
 
 
 
 
 
 
 
 
 
 
3. What is the chemical identity of the powder blue solid in the last step? (Write the formula) 
  What color does it change to when water is added?  Your answer must be unambiguous, so use detailed chemical formulas, and 
the terms anhydrous and hydrate. Justify your answer by citing the evidence as written in your observations in the datasheet.  
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06Lab | Activity 02:  Nomenclature. 
For this activity you are to type in your answers in Canvas via the quiz app. 

 

Last Name ________________________First_________________________ ____ / _____ pts 

 

1. Naming Type I Ionic Compounds – One metal and a nonmetal 

Rb2S    Al(HSO4)3  

Ca(HCO3)2   Sr3N2   

Cd3(PO3)2     

 
 

2.  Naming Type II Ionic Compounds – Containing Variable-Charge Metals 

Cu(C2H3O2)2   Hg2S  

Co2(CO3)3   
CuO 

 

Pb(ClO3)4     

   

 

3.  Naming Type III - Binary Compounds with 2 Nonmetals 

N2O2    IF4  

SCl2   SF6  

SiO2   
 

 

 

4.  Name the following Mixture of Different Types of Compounds 

NaHCO3   NI3  

Co2(HPO3)3   (NH4)2CO3 
 

Pt(CN)2   
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5.   Formulas of Type I Ionic Compounds - One metal and a nonmetal 

magnesium chloride 
  

barium nitrate  

silver sulfite 
  

aluminum arsenite  

beryllium hydroxide 
  

  
  

   

6.  Formulas of Type II Ionic Compounds - Containing Variable Charge Metals 

vanadium(III) nitride 
  

chromium(III) bisulfite  

molybdenum(VI) oxide    
  

copper(II) dichromate    

platinum(IV) perbromate 
  

  
 

 

7.  Formulas of Type III Compounds  - Binary Compounds with 2 Nonmetals 

dinitrogen tetrafluoride   
  

sulfur hexachloride   

diboron trioxide 
  

dihydrogen monoxide  

Tetraphosphorous heptaoxide 
  

  
 

 

8. Write the formulas for the following List of Different Types of Compounds. 

calcium carbonate 
  

ammonium selenide  

cadmium permanganate 
  

thallium(I) telluride  

tungsten(V) oxalate 
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07Lab | Activity 03:  Lewis Structure and VSEPR Theory 
For this activity, you are to type in your answers in Canvas via the quiz app. 

Last Name ________________________First_________________________ ____ / _____ pts 

 

1. Valence Electrons & Group Number  

Element N O P Ca Cl Ga 

Group Number       

# of Valence electrons       
 

 

2.  Complete the Lewis structure for the following. Place a square bracket around ions. 

Compound, 
Chemical formula 

1.Total 
Valence 
electrons 

2. 
Number 

of Bonds 

3. e- pair, Number of 
Lone pair(s), 2e = 1 

pair 

4 & 5. Connectivity and  
Lewis Structure 

2a) Ammonia,  

NH3 

 

 

   

2b) Fluoromethane, 

CH3F 

   

 

 

 

2c)  Carbon disulfide, 

CS2 

   

 

 

 

2d) Formic acid, 

HCOOH 

   
 

H C

O

O   H
 

2e) Hydroxylamine, 

NH2OH 

   
 

H N

H

O   H
 

2f) Nitrate ion, 

NO3- 

   

 

 

 

2g) Acetate Ion, 

CH3COO-1 

   

   [        ]- 
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3.  Shapes of Molecules VSEPR Theory 
Compound 1. Total 

Valence 
electrons 

2.Lewis Structure 3a. Electronic Geometry  AEn  

3b. Electronic Geometry Name  
3c. Electronic Geometry Shape 

4a. Molecular Geometry  AEnBm  

4b. Molecular Geometry Name 
4c. Molecular Geometry Shape 

5.Bond angles 
Hybridization 

NH3 

  8 e- 

 

 

AE4,   

Tetrahedral 

Tetrahedral 

 

AB3E    

Pyramidal  

Pyramidal 

 

 

< 109.5˚ 

sp3 

 

1) CS2 

 

 

    

2) HOl 

 

     

3) SiH4 

 

     

4) SiO2 

 

     

5) NO2
- 

 

     

6) OF2 

 

     

7) PCl3 

 

     

8) NO3
- 
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4.  3D Molecular Modeling ChemDL.  
http://chemdata.umr.umn.edu/resources/models360/models.php 
Skip the molecules highlighted in gray. 

 3D Structure:   Chemed DL:  Model 360 

Bond length Bond angle Partial charge Molecular dipole Bond dipole 

1)  

Carbon disulfide C – S:   
0.157 nm 

S - C - S = 
180° 

 

 
 

 
Dipole 0 Debye 

 
Dipole 
cancels 

2)  

Hypoiodous acid 
H - I = 

I - O = 

H - I - O = 

 
   

3)  

Silicon tetrahydride 

(Silane) 

H - Si = H - Si - H = 

   

4)  

Silicon Dioxide 
Si - O = O - Si - O = 

   

5)  

Nitrite ion 

 

N - O = O - N -O = 

   

6) 

Oxygen difluoride 

 

F - O = F - O - F = 

   

7) 

Phosphorus trichloride 

 

P - Cl = Cl - P - Cl = 

   

8) 

Nitrate ion 
N - O = O - N - O = 

   

 

9) Glicine 

 

N - H = 
N - C = 
C - H = 
C - C = 
C - O = 
O - H = 

H - N - H = 
H - N - C = 
N - C - C = 
N - C - H = 
C - C - O = 
C - O - H = 
 

   

 

http://chemdata.umr.umn.edu/resources/models360/models.php
http://chemdata.umr.umn.edu/resources/models360/models.php
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Resources for Lewis Structure and VSEPR (Accessed  May  2025) 

 
 
Chem Digital Library: https://www.chemedx.org/page/activity 

 

Model 360 from Chemed DL: http://chemdata.umr.umn.edu/resources/models360/models.php 

 

PubChem Compounds: http://pubchem.ncbi.nlm.nih.gov/ 

 

Lewis’s structure made easy, Flash program: http://www.chemistry24.com/college_chemistry/lewis-structure.html 

 

Lewis Structure Tutorial:  http://www.ausetute.com.au/lewisstr.html 

 

MolView Molecular Modeling Software: http://molview.org/ 

 

Google Links: http://www.google.com/search?hl=en&lr=&q=Lewis+Structures&btnG=Search 

 

VSEPR help page: http://www.chem.purdue.edu/gchelp/vsepr/ 

 

Google Links: http://www.google.com/search?hl=en&lr=&q=VSEPR+models&btnG=Search 

 

 

https://www.chemedx.org/page/activity
http://chemdata.umr.umn.edu/resources/models360/models.php
http://pubchem.ncbi.nlm.nih.gov/
http://www.chemistry24.com/college_chemistry/lewis-structure.html
http://www.ausetute.com.au/lewisstr.html
http://molview.org/
http://www.google.com/search?hl=en&lr=&q=Lewis+Structures&btnG=Search
http://www.chem.purdue.edu/gchelp/vsepr/
http://www.google.com/search?hl=en&lr=&q=VSEPR+models&btnG=Search
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08Lab | Activity 04:  Balancing Equations and Stoichiometry Exercise 
 
Objective. The purpose of this activity is to become familiar in writing and balancing chemical equations.  The second part of the 
activity is to give you some practice on stoichiometry calculations. 
 
Discussion on Balancing Equations:  The heart of chemistry is the chemical reaction which portrays how new compounds form.  
The basis of a chemical reaction is the "Law of conservation of mass".  That is, the total atoms of the reactant are equal to the 

total atoms of the product.  The general form of a chemical reaction is illustrated as:  Reactant   Product. 
 
Consider the reaction between molecular nitrogen and molecular oxygen.  This is shown below. 
 

 
Chemical Reaction:    

 

9 H2  +  6 N2  →  6 NH3 + 3N2 (excess) 

 
atoms reactant = atoms product 
 
The net molecular equation is: 

9 H2 (g)  +  3 N2 (g)  →  6 NH3 (g)  

 
Note:  18 H and 6 N in each side!! 

 
In general, a chemical reaction can be expressed 

as: 

a A  +  b B    →   c C  +    d D 

where  a, b - coefficient of reactant (how many). 

c, d - coefficient of product (how many). 

     # atoms (reactant) =  # atoms product :  Balance  

 

Example # 1: Combination reaction between 

magnesium metal and molecular oxygen. 

 

First write the correct formula of each 

chemical- 

  

To balance: 

 

 Mg  +  O2 → MgO2  No!! (never since MgO2 is different from 

MgO) 

 Mg  +  O2  →  2MgO   Oxygen is now okay but Mg is now not 

balance. 

   Now oxygen okay and Mg okay. 

 

Example #2:  Decomposition reaction of H2O 

 

 

Chemicals are identified, but oxygen is not balanced. 

    H2O2 ? Change H2O to H2O2 ?   No! Since now the identity has changed.  

Can only change coefficient when balancing a reaction.  

                  2  H2O        H2      +     O2   Change coefficient of waters (H2O) to 2 

                 4H   2O           2 H           2 O  Oxygens are balanced but now hydrogens are not. 

                 2  H2O      2  H2   +    O2    Balanced by changing coefficient in front of H2 to 2 

                4H   2O           4H           2O 2 O's, and now 4 H's, in each side of equation.   

       2  H2O       2 H2   +    O2  The equation is now balance !!! 

 

 Summary:  Balancing chemical reaction 
 • Once chemical formula of species is determined you can never change the subscript of the chemical. 
 • To start, assign a coefficient of 1 (one) to most complicated chemicals. 
 • Balance the homogeneous atomic molecules last i.e., H2, N2, O2. 

 • Balance cation/anion as a single unit (i.e., if occurs in reactant and product unchanged) 
 • Convert the fraction coefficients to integers. 
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Example # 3:  Balancing a double displacement (metathesis) 

 Consider the reaction: Mg(NO3)2  +  KOH     Products 

 What are the products formed and how can the equation be balanced? 
 

 
 

 

 
3 ways of writing the chemical reaction for a double displacement reaction: 

a) Molecular equation; This is an equation showing the overall reaction stoichiometry. The chemicals in the reaction are all 

shown in their neutral form. 

b) Complete ionic equation; This is an equation shows ions that are strong electrolytes.  The chemicals are shown as they would 

exist in aqueous medium. The ions are shown as ions and precipitates, or weak electrolytes shown as neutral formulas. 

c) Net ionic equation; This is an equation shows only substances undergoing chemical changes. The ions involved in the 

formation of product are shown in this equation.  Spectator ions are left out of the equation. 
 
Summary: 
a) Molecular equation:   

 Mg(NO3)2(aq)  +  2KOH(aq)      2KNO3(aq)  +  Mg(OH)2 (s) 

b) Complete ionic equation: 

 Mg2+
(aq) + 2 NO3

- (aq) + 2 K+
(aq) + 2 OH-

(aq)      2 K+
(aq)   +   2 NO3

- (aq)   +  Mg(OH)2  (s) 

c) Net ionic equation: 

 Mg2+
(aq)  + 2 OH-

(aq)      Mg(OH)2  (s) 

 
Example # 4:  Balancing a neutralization reaction is a form of double displacement reaction. 
 

                         __HNO3  (aq)         +          __Ca(OH)2 (aq)                              __H2O  (l)         +       __Ca(NO3)2  (aq)     

 
Information about reactants 

   Acids -  provides H+ 

   Base  -  provides OH- 

   acid in water;  at a molecular level. - (Aqueous chemistry) 

Information about products 
   Water ( a weak electrolyte ) and a salt 
(ionic compound) are produced in an acid-

base reaction.  . 

   salt :  (cation - anion) 

Balanced Equation:      2 HNO3  (aq)        +       1  Ca(OH)2 (aq)                    2 H2O  (l)      +    1 Ca(NO3)2  (aq)     
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Table Solubility Rules.  The table indicates the precipitate form in aqueous solution. 

Soluble Substances Insoluble Substances 

Containing- Exceptions Containing- Exceptions 

Nitrates (NO3
-) 

Perchlorates (ClO4
-) 

Acetates (CH3CO2-) 
Chlorates (ClO3

-) 

 
None 

Carbonates (CO3
2-) 

Chromates (CrO4
2-) 

Phosphates (PO4
3-) 

Sulfides (S2-) 

 
Alkali and NH4+ 

Halogens (X-) 

Cl-, Br-, I- 

 
Ag, Hg & Pb. 

 

Hydroxides (OH- ) 

 

Ca, Ba, Sr, Alkali & NH4
+ 

Sulfates (SO4
2- ) Ca, Ba, Hg and Pb Soluble - dissolve, no precipitate (aq -phase) 

insoluble (or slightly sol.)  - does not dissolve, 
precipitate forms. (s-phase) 

Alkali (Group1A) 

NH4
+ 

None 

 

Try the following as an exercise. 
#1  Sodium oxide and water forms sodium hydroxide 
#2  Ferric(III)  Sulfide & molecular oxygen yields ferric(III) oxide & sulfur dioxide. 

#3  C4H10 (g)  +   O2 (g)      H2O(g)  +  CO2 (g)  (combustion) 

       In a combustion reaction, water,  CO2 and energy are always produced. 

#4  H2SO4 (aq)  +  Ca(OH)2 (aq)       H2O(l)  +    CaSO4 (s) 
 

Table A9.2 Classifications of Chemical Reactions 
1. Combination Reaction 

  A  +  B   AB  
 Example: 

 i)   __ SO3  +  __ H2O      __ H2SO4  

 ii)  __ Cu  +  __ O
2
  __ CuO  

 iii)  __ CO2  +  __ H2O  __ C12H22O11  
 
2. Decomposition Reaction 

  AB     A  +  B 
Example: 

 i)  __ H2CO3  __ H2O   +   __ CO2 

 ii)  __ KClO3   __ KCl  +  __ O2 

 ii)  __ CaCO3   __ CaO +  __ CO2 

 
3. Single Displacement Reaction: 

  A  +  BC  AC  +   B 
 Example: 

 i)  __ Zn  +  __ Cu(NO3)2    __ Zn(NO3)2  +  __ Cu 

 ii)  __ Ca  +  __ H2O  __ Ca(OH)2  +  __ H2 

 iii)  __ Mg  +  __ HCl  __ MgCl2  +  __ H2 

4a.  Double Displacement Reaction: 

  AB  +  CD  AD  +   CB 
 Example: 

  i)   __ Ba(NO3)2  +  __ H2S  __ BaS  +  __ HNO3 

  ii)  __ MgCl2  +  __ Na3PO4  __ Mg3(PO4)2  +  __ NaCl 

  iii)  __ HC2H3O2 + __ NaHCO3  __ NaC2H3O2+  __ H2CO3 
 
4b. Acid Base (Double Displacement) Reaction: 

  HA  +  MOH  H2O  +   MA 
 Example: 

 i)   __ HNO3 +  __ Ba(OH)2  __ H2O +  __ Ba(NO3)2 

 ii)  __ HCl  +  __ NH4OH   __ H2O   +  __ NH4Cl 
 
5. Combustion Reaction 

  CxHy  +  O2  CO2  +  H2O 
 Example: 

 i)  __ C4H10 +  __ O2  __ CO2  +  __ H2O 

 ii)  __ C12H22O11  +  __ O2    __ CO2  +  __ H2O 

 iii)  __ C2H5OH  +  __ O2    __ CO2  +  __ H2O 

WWW Links to balancing chemical reactions (Accessed Jan 2023) 

1. http://www.webqc.org/balance.php 

2. https://chemfiesta.org/ 

3. http://www.youtube.com/watch?v=RnGu3xO2h74 

4. http://www.schooltube.com/video/db41eba5cdbd45fcbe75/Balancing-Chemical-Equations 

5. http://www.chemtutor.com/react.htm 

6. https://www.youtube.com/watch?v=MYmrWHzT1oI 

 

https://www.youtube.com/watch?v=zffVKN6tm7k
http://www.webqc.org/balance.php
https://chemfiesta.org/
http://www.youtube.com/watch?v=RnGu3xO2h74
http://www.schooltube.com/video/db41eba5cdbd45fcbe75/Balancing-Chemical-Equations
http://www.chemtutor.com/react.htm
https://www.youtube.com/watch?v=MYmrWHzT1oI
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Discussion on Stoichiometry: The molecular mass of a compound is the sum of the atomic masses of all the atoms present in one 
molecule of the compound.  It represents the mass of one molecule of that compound in atomic mass units (amu).  The formula 
mass of an ionic compound is calculated by adding up the atomic masses of all the atoms present in one formula unit of the 
compound. 
 

A chemical reaction is a shorthand way of showing the changes occurring in any chemical reaction: 
 

reactant 1  +  reactant 2  +  ...      product 1  +  product 2  + ... 
 

Every chemical equation must be balanced, which means that for every element shown in the equation, the number of atoms on 
the left must equal the number on the right: 
 

Example:  3H2  +  N2    2 NH3 :  

6 H atom & 2 N atoms (left)  =  2 N atoms  &  6 H atoms (right) 
The 3 before H2, the (implied) 1 before N2, and the 2 before NH3 are the coefficients of the equation.  The coefficients in 

chemical equations represent moles as well as molecules or atoms.  The equation: 3H2  +  N2   − 2 NH3, for instance, tells us 

that three moles of H2 combines with one mole of N2 to form two moles of NH3.  Knowing the number of moles, we can 

calculate the amounts of reactants and products: 
 
 • Molar mass of H2 is 2.02 g/mol; 1 mol has a mass of 2.02 g,  3 mol has a mass of 6.05 g. 

 • Molar mass of N2 is 28.01 g / mol; 1 mol has a mass of 28.01 g. 

 • Molar mass of NH3 is 17.04 g / mol; 1 mol has a mass of 17.04 g,  2 mol has a mass of 34.07 g. 

6 grams H2   +   28 grams N2      34 grams NH3 
 
 

Figure A10.1 Stoichiometry Relationship for Molecular, Liquid, Solid, Gas and Aqueous Phase 

 

 
WWW Links to stoichiometry problems (Accessed Jan 2022) 

 

1. http://www.chemcollective.org/tutorials.php 

2. http://science.widener.edu/svb/pset/stoichio.html  

3. http://www.chemtutor.com/mols.htm 

4. http://www.youtube.com/watch?v=EdZtSSJecJc 

http://www.chemcollective.org/tutorials.php
http://science.widener.edu/svb/pset/stoichio.html
http://www.chemtutor.com/mols.htm
http://www.youtube.com/watch?v=EdZtSSJecJc
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Figure.2 Stoichiometry Map 
 

Stoichiometry map relating atoms within chemical compound. 
 

 
 
 
 
 
 

Figure 3  Overall Stoichiometry map relating different chemicals related by a chemical reaction. 
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08Lab | Activity 04:  Balancing Equations and Stoichiometry Exercise  

Last Name ________________________First_________________________ ____ / _____ pts 

Required reading:  Ch 7.4 “the Mole” and 7.5 “Molar Mass” in Chemistry in our Lives Timberlake 5th Edition. 
Note that some of the numbers in this exercise may be different in Canvas. 

 

A.  Complete & balance the following double displacement reaction equations: 

1)     ___NaCl (aq)  + ___AgNO3
 
 (aq) →

 

2)     ___NaOH (aq)  + ___HCl (aq) →
 

3)     __BaCl2  (aq)  + ___H2SO4 (aq) → 

 
 

B. Complete, balance & identify the type of reaction.  Product names are named in parentheses 

(Combination, Decomposition, Single displacement, Double displacement) 

 

1)    ___ Zn(s)  +  ___ Cl2 (g)   → 

 (zinc chloride) 

 
2)   ____ H2CO3(aq)       → 

 (carbon dioxide and water) 

 
3)    ___ Fe2S3 (aq)   +  ___ HCN (g)   → 

  (Iron(III)cyanide and dihydrogen monosulfide) 

 

4)    _____ Ni (s)    +  ____ HCl (aq)   → 

 (nickel(II)chloride and hydrogen gas) 

 

5)    ___ BaO (aq)   +  __ CO2 (g)   → 

 (barium carbonate) 

 

6)    _____ Co(OH)3 (aq)   +  ___ Na2CO3 (aq)   → 

 (cobalt(III) carbonate and sodium hydroxide) 

 

7)    ___ ZnCl2 (aq)   +  ____ (NH4)2S (aq)   → 

 (zinc sulfide and ammonium chloride) 
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C.   Beneath each word equation, write the formula equation and balance the reaction. 

  1)  Sulfur dioxide(g)  +  Oxygen(g)    Sulfur trioxide(g)  

 

 2)   Ammonia(g)    +    oxygen(g)  water(g)   +    nitrogen monoxide(g)   

 

  3)   Ammonium nitrate(s)    Nitrogen(g)  +  Oxygen(g)  +  Water(g)   

 

4)  Sodium bicarbonate (s) +    Acetic acid(aq)  →  sodium acetate (aq) + carbon dioxide(g) + Water(g) 

  

 

 5)   Sodium bicarbonate(s)    sodium carbonate(s) +  carbon dioxide(g)  +  Water(l) 

  

 

  6)  nitric acid(g) +  nitrogen monoxide(g)  →  nitrogen dioxide(g) +  Water(l)    
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D.  Find or calculate the atomic mass, molar mass, or formula mass for the following: (Include the appropriate unit and round 
off to the hundredth of a unit, i.e., Atomic Weight of Hydrogen is shown as 1.008 g/mol and is rounded off as 1.01 g/mol) 

 
1) Tungsten 

2) Ytterbium 

3) Sulfur hexafluoride 

4) Tungsten(V) oxalate tetrahydrate 

 

E.  Atom, molecules, mole, and Avogadro's Number- 
 

1) How many atoms are in 11 molecules of sulfur hexafluoride? 

 

 

2) How many moles of water are in 5 moles of Tungsten(V) oxalate tetrahydrate ? 

 

 

3) What is the mass in grams (g) of a single atom of Ytterbium? 
Hint: Start with the atomic weight of Ytterbium and use dimensional analysis to get grams per atom.  
 

 

 

4) What is the molar mass of a molecule (g/mol) that weighs 2.99 • 10-23 g?  
     What is the identity of the molecule? 
 

 

 

5) What is the mass (grams) of 5.0 moles of Tungsten(V) oxalate tetrahydrate? 
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F.  Balancing Equations and the Mole Concept 
 
1)  Write and balance the chemical equation when potassium chloride is combined with oxygen to produce potassium chlorate.  Determine the 

moles of potassium chlorate (KClO3) produced, if 17 moles of potassium chloride are combined with excess oxygen? 

 

 

2)  Write and balance the chemical equation upon combustion of sucrose.   

 2a) Determine the moles of H2O produced from combustion of 5 moles of sucrose and 39 moles of oxygen?   

 Round to the three significant figures. 
 

 

2b) Which chemical is in excess and how many moles remain after the reaction is complete? 

 

 

 

3)  How many moles of S8 are needed to produce 4.75 kg of sulfur tetrafluoride according to the reaction: 

 S8  +  F2      →    sulfur tetrafluoride.   (Hint: First complete the equation and balance if necessary) 

 

 

 

 

4)  Carbon dioxide, CO2, and ammonia, NH3, combines to form urea, CH4N2O, plus water.   

Write a balanced equation and calculate the mass of ammonia (in grams) that would be needed to make 2.0 moles of urea. 

 

 

 

 

 

5)  What is the percent yield for a reaction when 166.3 grams of W2O3 combines with excess carbon monoxide to produce 14.78 g of W ? 

 ___W2O3  +  ____ CO   → ____ W  +  _____ CO2 
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09Lab | Experiment 05:  Observing Chemical Reactions 
Objective 

In this experiment, students perform a variety of chemical reactions.  For each reaction, student identify the signs that a reaction 
has occurred, write the balanced chemical equation with appropriate phases and classify the reaction. 

Material and Chemicals 

KLM Equipment (1) 18x150mm test tube w/ stopper 400mL Beaker Thermometer Spatula 

 (2) 13x100 test tube w/ stopper 100mL Beaker Wash bottle Petri Dish 

 Alcohol Burner/Stand Watch glass Test tube brush  
Miramar  supply calcium oxide (quicklime solution) phenolphthalein copper shots  Evaporating dish 

 Ethanol (or rubbing alcohol 

Magnesium metal strip  

acetic acid (vinegar) 

sucrose (sugar)* 

Straw 

Crucible Tongs 

Berel pipet  

Forceps 

You supply: sodium bicarbonate (baking soda) 9-V Battery  Oven-mitts   Spoon 

 NaCl (table salt)    
 
 

*  Look in your lab material for this experiment and for the next experiment, Expt 6, The Mole. You should have a packet of sugar for both labs.  If not, then weight this 

packet and the sugar content.  Make a note and save that data for the next experiment.  Do not burn all the sugar in this procedure so you have some for the next 

experiment. If you are missing a packet of sugar, contact the instructor now . 

 
 
 

Lab Appendix:  Using an alcohol Burner:  For this experiment, you can also use a candle if you don not want to use your alcohol burner. 
 

 

 
 

Introduction 
Reading:  Chemistry in our Lives Timberlake.  Chapter 7.1 Equations for Chemical Reactions, 7.2 Types of Chemical Reactions, and 9.2 
Electrolytes and Non-Electrolytes. 
In this experiment, you’ll be observing the signs of chemical reactions.   These include the following: 

• Flame  

• Color Change 

• Formation of a precipitate.   

• A change in temperature of the reaction mixture 

• Formation of Bubbles indicates that one of the products is a gas.  Ex. H2, O2 or H2O vapor. 

Important Notes: 

Please remember that when a chemical reaction is written, the chemicals that is written in the reaction is how they are found in 

nature.  For example, in the statement, “hydrogen and oxygen forms dihydrogen monoxide”.  The formula for hydrogen and oxygen 

would be written as H2 and O2 and not as H or O because H, the atom and O, the atom are not how these elements exist in their 

nature.  Diatomic elements take on this rule when writing chemical equations.  Diatomic chemicals are:  H2, O2, N2, F2, Cl2, Br2, and I2. 

 

Please review 08Lab|Activity04 to see some of the reactions that you will be studying in this experiment. 

 

https://www.wikiwand.com/en/Alcohol_burner
https://www.youtube.com/watch?v=1mzjjLjTN5U
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Procedure –  

Reaction A:  Oxidation of Copper by Air (O2) 

Add copper shots to the evaporating dish. Place the evaporating dish on 
the alcohol burner stand.  Heat the bottom of the evaporating dish slowly 
until the bottom gets very hot.  Turn off the burner and allow the content 
to cool.  Write on your datasheet the balanced chemical equation, the 
type of reaction and the driving force for the reaction.  Empty all 
chemicals in the water bottle waste container after you finish. 
Photo1: Take a photo of the copper in the evaporating dish while heating. 
 

 

Reaction B: Combination of CaO with CO2 

Pour quicklime solution into a 100 mL beaker.  Using a straw, blow into the 
solution.  Observe what happens to the solution as you continue to blow 
bubbles. Write on your datasheet the balanced chemical equation, the type 
of reaction and the driving force for the reaction.  Empty all chemicals in 
the proper waste container after you finish.  
Photo2: Take a photo of the quicklime solution turning murky. 
 

 

Reaction C: Decomposition of H2O 

Fill the 150-mL beaker to ~ 100-mL with water then add a teaspoon full of 
salt.  Take a 9-V battery and slowly submerge it in the water.  Watch as 
bubbles form on the terminals.  Note the rate of bubble formation on each 
terminal.  Write on your datasheet the balanced chemical equation, the type 
of reaction and the driving force for the reaction.  When done making your 
observations pour the water out and dry the batter.  Return all equipment 
clean and dry to its original storage location. 
Photo3: Take a photo of the battery in the water forming bubbles. 
 

 

Reaction D: Combustion of Sucrose (C12H22O11) 

Note that this sugar will also have to be used for the next experiment, Expt 6: The Mole, so do 
not use all of it. 

 
Carry out this procedure under a well, ventilated area.  A spoon may be 
used in this procedure as shown in the figure.  Place half-a-teaspoon full of 
sugar and then heat over the alcohol burner. Write on your datasheet the 
balanced chemical equation, the type of reaction and the driving force for 
the reaction.  Clean the spoon with soap and water.  Empty all chemicals in 
the proper waste container. 
Photo4: Take a photo of the sugar burning in the spoon. 
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Reaction E: Combustion of ethanol (C2H5OH) with oxygen (O2). 

 As you did in the previous procedure, perform this procedure under a well, 
ventilated area.  A teaspoon is used in this procedure as shown in the figure to 
the side.  Add a small amount of ethanol (~0.5 ml) to a spoon.  Use the alcohol 
burner to ignite the ethanol.  Only a small amount of ethanol is necessary for 
safety precautions. Write on your datasheet the balanced chemical equation, 
the type of reaction and the driving force for the reaction.  Empty all chemicals 
in the proper waste container when you finish and return all equipment clean 
back to its original location. 
Photo5: Take a photo of the ethanol burning in the spoon. 
 

Reaction F: Magnesium metal with Acetic Acid, CH3COOH 
Part1: Add 2ml of Acetic Acid, (CH3COOH) to an empty test tube.  Add a 1-cm 
strip magnesium metal ribbon to the test tube using a forceps (tweezer). 
Write on your datasheet the balanced chemical equation, the type of 
reaction and the driving force for the reaction.  
 
Part 2: Fill a clean test tube with 2mL of deionized water.  Heat the test tube 
with the water over the alcohol burner for abut 20 sec.  Add two drops of 
phenolphthalein indicator.  Phenolphthalein is an indicator that changes color 
(pink) in the presence of hydroxides.*  (Save the rest of the phenolphthalein 
for expt 9.  Place the phenolphthalein in the baggie, labeled Expt 9)  Add a 1-cm strip of magnesium to the test tube and wait 15 
minutes for the reaction to take place.  After 15 minutes of observation, record in your datasheet the result of the magnesium in 
water.  Is there the presence of hydroxide formation?  Write the chemical reactions that occur in your datasheet.  
Photo6: Take a photo of magnesium metal in the acid. 
 

Reaction G: Baking soda with Vinegar (CH3COOH). 

Halfway fill an evaporating dish with vinegar.  Sprinkle baking soda on 

to the vinegar and record your observations. Write on your datasheet 

the balanced chemical equation, the type of reaction and the driving 

force for the reaction.  Empty all chemicals in the proper waste 

container after you finish. 

 Photo7: Take a photo of the baking soda bubbling in vinegar. 

See 08Lab|Activity04:  Balancing Equations and Stoichiometry exercise 

if you need help writing this equation. 

Clean up.  

Wash and dry all your glassware equipment. 

Dispose of all used chemicals in the proper waste container. 

Wipe down your work area and place your glassware and equipment back into its proper place.  

Wash your hands thoroughly with soap and water before leaving your work area.  
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09Lab | Experiment 05:  Observing Chemical Reactions, Datasheet 

Last Name ________________________First_________________________   ____ / _____ pts 

 

Reaction A:  Oxidation of Copper by Air (O2) to produce copper (II) oxide. 

Appearance Before 
 

 

Appearance After 
 

 

Evidence of Reaction 
 

 

Balanced Chemical 

Equation 

 

 

Reaction Type (circle one) Combination - Decomposition - Single Displacement - Combustion - Double Displacement 

 
 
 
 
 
 
 

Reaction B: Combination of CaO with CO2 to produce calcium carbonate. 

Appearance Before 

 

 

 

Appearance After 
 

 

Evidence of Reaction 
 

 

Balanced Chemical 

Equation 

 

 

 

 

 

Reaction Type (circle one) Combination - Decomposition - Single Displacement - Combustion - Double Displacement 
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Reaction C: Decomposition of H2O into hydrogen and oxygen gas 

Appearance Before 

 

 

 

Appearance After 

 

 

 

Evidence of Reaction 

 

 

 

 

Balanced Chemical 

Equation ** 

 

 

 

 

Reaction Type (circle one) Combination - Decomposition - Single Displacement - Combustion - Double Displacement 

** NaCl is used to help the battery to conduct electrons, e-, and is not part of the chemical equation. 
 
 
 
 
 

Reaction D: Combustion of Sucrose (C12H22O11) 

Note that this sugar will also have to be used for the next experiment, Expt 6: The Mole, so do not use all of it. 

Appearance Before 

 

 

 

Appearance After 

 

 

 

Evidence of Reaction 

 

 

 

 

Balanced Chemical 

Equation 

 

 

 

 

 

Reaction Type (circle one) 

 
Combination - Decomposition - Single Displacement - Combustion - Double Displacement 
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Reaction E: Combustion of Ethanol (C2H5OH) with oxygen (O2). 

Appearance Before 
 

 

Appearance After 
 

 

Evidence of Reaction 
 

 

Balanced Chemical 

Equation 

 

 

 

Reaction Type (circle one) Combination - Decomposition - Single Displacement - Combustion - Double Displacement 

 

 

 

 

Reaction F: Magnesium Metal with Acetic Acid, CH3COOH to produce hydrogen and magnesium acetate. 

Appearance Before 
 

 

Appearance After 
 

 

Evidence of Reaction 

 

 

**Balanced Molecular 

Chemical Equation 

 

 

Total Ionic Equation 
 

 

Net Ionic Equation 
 

 

Reaction Type (circle one) Combination - Decomposition - Single Displacement - Combustion - Double Displacement 

 

Reaction F, Part2:  Write your observations when the magnesium metal was added to water that had phenolphthalein. 

 

 

 

 

 

** The video below shows how to write a molecular, complete ionic and net ionic equation. 

Reactions:  https://youtu.be/pkNBXhMMrNs  

Go to the 1:06:10 mark (1 hour – 6 min) to see the double displacement reaction discussion. 

 

You can also watch this YouTube video for more information on Net Ionic Equations and Spectator ions 

https://www.youtube.com/watch?v=PXRH_IrN11Y 

https://youtu.be/pkNBXhMMrNs
https://www.youtube.com/watch?v=PXRH_IrN11Y
https://www.youtube.com/watch?v=PXRH_IrN11Y
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Reaction G: Baking soda with Vinegar (CH3COOH).  

Appearance Before 
 
 
 

Appearance After 
 
 
 

Evidence of Reaction 

 
 
 
 

**Balanced Molecular 
Chemical Equation 

 
 
 
 

Total Ionic Equation 

 
 
 
 

Net Ionic Equation 

 
 
 
 

Reaction Type (circle one) Combination - Decomposition - Single Displacement - Combustion - Double Displacement 

**  Watch this video to see how to write a molecular, complete ionic and net ionic equation: 

Reactions:  https://youtu.be/pkNBXhMMrNs 

Go to the 1-hr mark to see the double displacement reaction discussion. 

 

Turn in these photos in with your Data/Observation worksheet. 

Photo1: Take a photo of the copper in the evaporating dish being heated. 

Photo2: Take a photo of the quicklime turning murky. 

Photo3: Take a photo of the battery in the water forming bubbles. 

Photo4: Take a photo of the sugar burning in the spoon. 

Photo5: Take a photo of the ethanol burning in the spoon. 

Photo6: Take a photo of magnesium metal in the acid. 

Photo7: Take a photo of the baking soda bubbling in vinegar. 

At this point check to make sure you have all the chemicals and supplies for next week's experiment. 

 

https://youtu.be/pkNBXhMMrNs
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09Lab | Experiment 05:  Observing Chemical Reactions, Pre Lab 
Last Name ________________________First_________________________ ____ / _____ pts 
Prelab Questions  

Answer these prelab questions and turn into your instructor before the beginning of lab.  
1.  Explain in your own words the difference between a chemical change and a physical change.  

 

 

2.  In a chemical reaction, what is the solid called that forms when two solutions are mixed?  

 

 

3.  When two solutions are mixed, is a color change always an indication that a chemical reaction has occurred? 

       Explain why. 

 

 

4.  Which sign of a chemical reaction is not detectable by sight?  Explain.  

 

 

5. Would you expect a chemical change to be always accompanied by a physical change?  Explain. 
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6a.  Write the complete ionic equation for the double displacement reaction below. 

  CuNO3 (aq)   +  K2S (aq)    →   

 

6b. Name and write the formula for the spectator ions in this chemical reaction. 
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09Lab | Experiment 05:  Observing Chemical Reactions, Post Lab 

Last Name ________________________First_________________________ ____ / _____ pts 

 
1.  Check all the reactions in this lab, which produced a precipitate 

 Oxidation of Copper 

 Decomposition of H2O 

 Reaction Mg ribbon with CH3COOH 

 Reaction of Mg metal with water + phenolphthalein 

 Baking soda and Vinegar 

 Combination of CaO and CO2 

 Decomposition of Sugar 

 Ethanol with Oxygen 

 

 
 
2. Check all reactions in this lab that showed evidence of the release or absorption of heat.  (Do not confuse the release of 

heat with providing an external addition of heat, i.e. Heating with a Bunsen burner) 

 Oxidation of Copper 

 Decomposition of H2O 

 Reaction Mg ribbon with CH3COOH 

 Reaction of Mg metal with water + phenolphthalein 

 Baking soda and Vinegar 

 Combination of CaO and CO2 

 Decomposition of Sugar 

 Ethanol with Oxygen 

 

 
 
3. Check all the reactions in this lab, which were accompanied by the evolution of gas 

 Oxidation of Copper 

 Decomposition of H2O 

 Reaction Mg ribbon with CH3COOH 

 Reaction of Mg metal with water + phenolphthalein 

 Baking soda and Vinegar 

 Combination of CaO and CO2 

 Decomposition of Sugar 

 Ethanol with Oxygen 
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4. What is the color of the sugar before and after combustion?  What is the identity of the gases you observed? 
 
 
 
 
 
 
 
 
 
 
 
 
 
5a.  Both are produced in the reaction between vinegar and baking soda, and in the reaction of the combustion of ethanol. 
 
 
 
 
 
 
 
 
 
 
 
 
5b.  Write the molecular equation when baking soda and vinegar reacts with each other. 
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10Lab | Experiment 06: The Mole, Counting by Weighing 
Watch the Prelab Video: https://youtu.be/isXZIglUKIw 

Last Name ________________________First_________________________   ____ / _____ pts 

Objective 
In this lab, students will become familiar of how atoms are quantified and be introduce to the mole concept. 

Material and Chemicals 
KLM Equipment 50-mL grad cylinder Spatula Wash bottle 

  

Miramar  supply Digital Pocket Scale 

Forceps 

Berel pipet 

Weighing boat 

Lego Bricks 

Bolt  

HexNuts  

Bolt-HexNut  

Bolt-(HexNut)2 

Bolt-(HexNut)3  

Bolt-(HexNut)4 

Packet of sugar 

You supply Distilled water   

*  Look in your lab material for this experiment. You should have a packet of sugar.  If not, look at Expt 5, you may 

have burn part of it in that experiment.  If you are missing a packet of sugar, contact the instructor now . 

Part I.  Establishing the mass of individual elements and molecules.  
These are found in the chemical kits issued by Miramar College.  Open the container to remove the HexNuts and Bolts.  There are 12 
Hexnuts and 5 bolts.  Take these apart for the following procedures. 
 

A. Element #1 (the HexNut) and Element #2 (the Bolt) 

Determine and record the following information:  

i) The average mass of a single HexNut to the precision of the scale. 

The best way to measure the average mass of a HexNut is to weigh the 12 HexNuts 

and divide this mass by the number of HexNuts (12). Show your work here.   
 

ii) The average mass of a single Bolt to the precision of the scale. 

As mentioned above, the best way to measure the average mass of a bolt is to 

weigh all 5 bolts and divide this mass by the number of bolts (5).  Show your work. 

 
 

 

 

 

 

A1)__________g 

Average mass of 1 HexNut 

 

 

 

A2)__________g 

Average mass of 1 Bolt 

Photo1: Take a photo of the mass of the HexNut and Bolt on the scale with the mass displayed. 
 

B. Compounds #1 (BN), #2 (BN2), #3 (BN3) and #4(BN4): Bolt – HexNut molecules 

The combined Bolt (B) and HexNut (N) "elements" will represent our theoretical "compound" and will be represented by BN, BN2, 

BN3 and BN4.   As you did above, Use the hardware you have in your chemical kit and assemble as many BN, Bolt-Nut (BN).  Weigh 

these and determine the average mass of one BN.  Do a similar procedure for BN2, BN3 and BN4. 
 

Using hardware  Calculations Average Mass 

Make 5 BN and weigh 
  (Instructor = 14.85 g) 

 
B1)  __________g  BN 

Make 5 BN2 and weigh 
 

 
B2)  _________g  BN2 

Make 4 BN3 and weigh 
 

 
B3)  __________g BN3 

Make 3 BN4 and weigh 
 

 
B4)  __________g BN4 

Percent difference between Mass of your measurement for 
BN and instructor’s (14.86 g) measurement for BN based on 
video.  Note that the % error here is an absolute value. 
 

|
𝐵𝑁 (𝑖𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑜𝑟) − 𝐵𝑁(𝑠𝑡𝑢𝑑𝑒𝑛𝑡)

𝐵𝑁 (𝑖𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑜𝑟)
| ×  100 

 

B5)  _________ % Difference between measurements. 
 

If your percent difference is greater than 5 %,  
then use the instructor’s data for the rest of the lab  

otherwise use your own measurments 

Photo2: Take a photo of the mass of the BN4 on the scale with the mass clearly displayed. 
 

https://youtu.be/isXZIglUKIw
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C. Lego Bricks.  

The data is provided below (We forgot to pack this into your chemical list).   

Watch the video for this data: https://youtu.be/isXZIglUKIw 

2.  Find the Lego Bricks.  The two 2x4 Bricks are labeled the E bricks (E stands for eight pegs) and the two 2x2 Bricks are your F brick 

(stands for four pegs).  Follow the directions below so you record the mass of the brick individually as well as the whole EF2.  

Colors  of the Lego bricks will vary but will not alter the mass. 

Lego Bricks     E = 2x4 brick        F = 2x2 brick     
1) Mass of E: 
Take the mass of two ( E ) 2x4  brick. Weigh and divide by 2. 
Watch the video and from the data, determine the average 
mass of one 2x4 brick ( E). Do this by taking the mass of the 10 
bricks and dividing by 10 to get the average. 

C1A) __________g  1 x E brick.   Your measurement 

C1B) __________g Avg mass 1 – brick (E)  Video Data 

2) Mass of F: 
Take the mass of two ( F ) 2x2  brick. . Weigh and divide by 2. 
Watch the video of 10 F bricks and write the average of one F  
Do this by taking the mass of the 10 bricks and dividing by 10 to 
get the average. 

 

C2A) __________g  2 x F brick.  Your measurement 

C2B) __________g Avg mass. 1- brick (F).  Video Data 

3) Mass of 10 EF2: 
Assemble one E and 2 F bricks to make the  EF2 molecule.  Write 
this mass on C3A.* 

C3A) __________g  mass EF2 molecule Your measurement 

4) Mass of EF2 average based on Video 
Watch the video of the mass of 10 EF2.  From the video, 
determine the average mass of one EF2.   

 

C4A) __________g Avg mass. EF2 molecule  Video Data 

                                                                           based on 10 EF2 

5)  Percent difference between Mass of E + 2 F brick your 
measurement and the EF2 Video measurement.   
Note that the % error here is an absolute value. 
 

|
𝐶3𝐴 − 𝐶4𝐴

𝐶4𝐴
| ×  100 

C5A)  _________ % Difference between measurements. 

Photo3: Take a picture of the EF2 Lego on your scale.  The scale should show the mass. 
 
From this point on, you will be using the data that is assigned in the unknown data. 
Download the data for your assigned unknown by going to Canvas and clicking on the link that is titled -  
C2_09Lb|Ex05 Mole: Click her to access your unknown. There you will be provided data of your unknown to complete the lab.  
 

 
The table to the right is what the data will 
look like. 
 
Be sure to Write your unknown number 
down, otherwise you will not receive 
credit for the analysis. 
 
 

 
 

https://youtu.be/isXZIglUKIw
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Unknown No. ______________  (You will lose 20% if you do not record your unknown number here.) 
 
Part 2.  Counting by Weighing. 
In this part of this lab, you will determine the number of elements or compounds based on the data provided.  You will need to use 
the information from part I in this experiment to calculate then number of HexNut in a sealed unknown container. 
 
 
D.  The number of HexNuts. 
In this procedure you will determine the number of HexNut in a sealed container given the gross mass of the container and HexNuts 
inside.  
 

There are HexNuts in this container. By weighing the content, 

the number of HexNuts will be determined.  
 

Part2 D 

D1) Record the mass of the container that holds the 

“unknown” HexNuts, as given in the data for your unknown.  D1) ______ g Mass of Container  
   (This is given in your unknown data that you downloaded) 

D2) Record the mass of the container + HexNut as given in 

the data for your unknown. 
D2) ______ g  Mass of Container + HexNut (gross) 
   (This is given in your unknown data that you downloaded) 

D3) Calculate and record the net mass by subtracting the 

mass of container from container + HexNuts. ( D2 - D1)  This 

is the mass of HexNuts. D3) ______ g  Mass of HexNuts in container (net) 

D4) Using the average mass of a single HexNut from Part I, 

calculate the number of HexNut elements in your unknown. 

Show your calculations below. Your answer must be a whole 

number 
D4) _______ Number of HexNuts in container. 
 

 
Show calculations for D4. 
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E. The number of molecules (BN1) in a container 
In this part of this lab, you will determine the number of BN1 "molecule" based on the data provided.  You will need to use the 
information from part I to calculate then number of BN1 in a sealed unknown container. 
 

There are BN1 "molecules" in this container. By weighing 

the content, the number of BN1 will be determined.  
 

Part2 E 

E1) Record the mass of the container as given in the data 

for your unknown.  
E 1)_______ g  Mass of container (label on container) 
 

E2) Record the mass container + BN1 "molecule" as given 

in the data for your unknown. E 2) _______g  Mass of container + BN1 (gross) 

E3) Calculate and record the net mass by subtracting the 

mass of container from container + BN1.  

(E2 - E1) This is the mass of BN1 in the container. 

E 3) ______ g   Mass of BN1 in container (net) 
 

E4) Using the average mass of a single BN1 compound, 

calculate the number of BN1 compound in your unknown.  

Show your calculations below. 

Your answer must be a whole number. 

E 4) _____ Number of BN1 compounds in container  

 
Calculations for E4. 
 
 
 
 
F. The number of molecules (EF2) in a container 
In this part of this lab, you will determine the number of EF2 "molecule" based on the data provided.  You will need to use the 
information from part I to calculate then number of EF2 in a sealed unknown container. 
 

There are EF2 "molecules" in this container. By weighing the 
content, the number of EF2 will be determined.  
 

 
Part2 F 

F1) Record the mass of the container as given in the data for 
your unknown. 
 

F1) _____ Mass of container (label on container) 

F2) Record the mass container + EF2 "molecule" as given in 
the data for your unknown. 
 

F2) ______ Mass of container + EF2 (gross) 
 

F3) Calculate and record the net mass by subtracting the mass 
of container from container + EF2.  
(F2 - F1) This is the mass of EF2 "molecules" in the container. 
 

F3) ______ Mass of  EF2 in container (net) 

F4) Using the average mass of a single EF2 compound, 
calculate the number of EF2 compound in your unknown and 
write this value.  Show your calculations below. Your answer 
must be a whole number. 

F4) ______ Number of EF2 Lego molecules in container. 

Calculations for F4. 
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Part 3.  Identification of an Unknown based on Average Mass. 
G & H: Determining the identity of the compound (BN, BN2, BN3 or BN4) 

In this part of this lab, you will determine the identity of a "molecule" based on the data provided in this lab.  You will need to use 
the information from part I to calculate the BNx formula. 
 

 
 

Part3 G 
 

Part3 H 

1) Record the number of molecules as written on the 
containers for this part.  Write these in line G1 and H1 as 
given in the data for your unknown. 

G1) ___ # of molecules 
 

H1) ___ # of molecules 
 

2) Write the mass of the container+ the Unknown 
molecule BNx and record the mass in line G2 and H2. 

G2) ______    g 
Mass of container + 
Unknown (gross) 

H2) _______ g 
Mass of container + 
Unknown (gross) 

3) Write the mass of each container as written on the 
label of the containers.  Write the mass of each 
container in lines G3 and H3. 

G3) _____ g 
 Mass of container 

H3) _____ g 
Mass container 

4) Calculate the net mass of the content in each 
container. 

G4) ______g Mass of  
Unknown1 (net) 

H4) ______ g Mass of  
Unknown2 (net) 

5) Take the net mass and divide by the total number of 
molecules. This is the average mass of a single molecule 
in the container.    Show your calculations below. 

G5) ______g  Average mass 
of Unk1 

H5) _______ g Average mass 
of Unk2 

6) Using the data for the average mass of the BN1, BN2, 

BN3 and BN4 from part 1B, identify the chemical 

formula of your unknown in the container for this part.   

G6) ________ 
Formula of molecule in 
container 

H6) ________ 
Formula of molecule in 
container 

 
Calculations to show your results. 
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Part 4. Measure the mass of water and sugar. 
Measure the mass of water and sucrose (table sugar) as described below.  You will calculate the number of moles and molecules for 
your post-Lab. 
 
J The number of moles of water in 50.0 ml of water 

 Part4 J 

J1) An Iron Cube:  Shown is a photo of 
an iron cube on a scale after the scale 
was tared.  
 
You must complete this section. 
Do not skip. 
 
 

1) ___________g   iron cube 

J2) 50.0 mL of water:  Tare a 50mL-graduated cylinder on the scale.  Add 
water and bring to precisely 50.0mL of water using a Berel pipet.  Weigh 
the graduated cylinder with the water and record the mass. 
 

2) ___________g   50.0 mL water 

J3) Packet of sucrose (sugar), C12H22O11:  Weigh a packet of sugar and 
record the gross mass of the sugar packet.   
 
Empty the bag to the waste bottle and weigh the bag.  Subtract the mass of 
the bag from the original weight.   

3) ___________g mass of sugar. 
 

Photo4 & 5: Take a pic of the 50-mL water & the sugar packet on the scale with the mass showing for each. 

 
Calculations to show your results. 
 
 
 
 
 
 
 
 
 
 
 
 
Clean up. Replace all items back in the baggy.  Empty the sugar in your waste plastic bottle. 
 
 
 

Please submit the following photos with your Datasheet- 

Photo1: Take a photo of the mass of the HexNut and Bolt on the scale with the mass displayed. 

Photo2: Take a photo of the mass of the BN4 on the scale with the mass clearly displayed. 

Photo3: Take a photo of the mass of the EF2 on the scale with the mass clearly displayed. 

Photo4 & 5: Take a pic of the 50-mL water & the sugar packet on the scale with the mass showing for each. 

Your next experiment is a gas simulation.  No chemicals or equipment is needed for this experiment. 
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10Lab | Experiment 06:  The Mole, Counting by Weighing, Prelab 
Last Name ________________________First_________________________ ____ / _____ pts 
Prelab Questions  

Try to answer the following prelab before beginning the experiment.  Use the periodic table in the appendix of this lab manual. 
It is important to use the periodic table atomic weigh values found in the appendix.  The canvas questions were coded based on the 
values from this periodic table.  If you use any other source, it will be mark incorrect. 
 
1.  Determine the atomic mass of the following to the nearest hundredth of atomic mass. 
a) Phosphorus b) Fluoride c) chloride d) bromide e) iodide f) astatine 
 
 
 
 
 
 
 
2) Calculate the molar mass of the following to the nearest hundredth of molar mass. 
a) PF3 b) PCl3 c) PBr3 d) PI3 
 
 
 
 
 
 
 
 
3) Given 100.0 g of each the following item below, calculate the number of moles.  Round off based on the mass given. 
a) PF3 b) PCl3 c) PBr3 d) PI3 
 
 
 
 
 
 
 
 
 
4) Calculate the number of the molecules given 1.00 g of the following.  Use three significant figures in your calculations. 
a) PF3 b) PCl3 c) PBr3 d) PI3 
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98 

 

10Lab | Experiment 06:  The Mole, Counting by Weighing, PostLab 
Last Name ________________________First_________________________ ____ / _____ pts 
Postlab Questions  

Part 4. Calculations, Converting from Mass to Moles for some common objects. 
Using the mass of the J1) iron cube, J2) 50.0mL of water and J3) packet of sugar, determine the number of moles of metal, water, 
and sugar.  Round of to correct number of significant figures and use scientific notation when appropriate.  
 
J1 The number of moles and atoms in the iron cube 

 Part4 J1 

J1a) Iron cube:  Write the mass of the iron cube from part j1. 
 

J1a) ___________g  iron cube 

J1b) Write the atomic weight of iron. J1b) ____________ g/mole for iron 

J1c) Calculate the number of moles of iron in the cube. 
  Show your calculations below. 
 
 
 
 

J1c) ___________moles of iron 

J1d) Calculate the number of iron atoms in the cube. 
  Show your calculations below. 
 
 
 
 

J1d) ___________atoms of iron 

 
 
 
J2 The number of moles, molecules, and atoms in 50.0 ml of water 

 Part4 J2 

J2a) 50.0 mL of water:  Write the mass of the 50-ml water from part j. 
 

J2a) ___________g 50.0 mL water 

J2b) Write the molar mass of water. J2b) ____________ g/mole for water 

J2c) Calculate the number of moles of water in the 50-mL volume of water.  
Show your calculations below. 
 
 
 

J2c) ___________moles of water 

J2d) Calculate the number of water molecules in 50.0 mL.  Show your 
calculations below. 
 
 
 

J2d) ___________molecules of water 

J2e) Calculate the number of Oxygen and H atoms in 50 mL of water. Show 
your calculations below. 
 
 
 
 

J2e) ___________ O atoms in water 
 
J2ee) ___________H atoms in water 
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J3. The number of moles of sucrose in a packet of sugar 

 Part4 J3 

J3a) Sucrose (sugar), C12H22O11:  Write the mass of sucrose.   
 

J3a) _________g mass of sucrose. 
 

J3b) Write the molar mass of sucrose.   
 

J3b) _________g/mol for sucrose. 

J3c) Calculate the number of moles of the sucrose.  Show your calculation 
below. 
 
 
 

J3c) ___________moles of sucrose 

J3d) Calculate the number of molecules of sucrose in the packet of sugar.  
Show your calculations below. 
 
 
 

J3d) ____________molecules of sugar 

J3e) Calculate the number of atoms of C, H, and O in the packet of sucrose.  
Show your calculations below. 
 
 
 

J3e) __________C atoms 

J3ee) ___________H atoms 

J3eee) ___________O atoms  
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Last Name ________________________First_________________________ 

 
Summary of Results. 
 
Unknown number: ____________ Write Unk No here. 
If you do not write your unknown number, you will not receive credit. 

 
Data:  Mass of Hardware "Atoms and Molecules" 

Average Mass of HexNut (N) ___________ g 

Average Mass of Bolt (B) ___________ g 

Average Mass of BN1 ___________ g 

Average Mass of BN2 ___________ g 

Average Mass of BN3 ___________ g 

Average Mass of BN4 ___________ g 

Average Mass of E ___________ g 

Average Mass of F ___________ g 

Average Mass of EF2 ___________ g 

% Error between EF2 Your measurement and Video Average ___________ % 

 

Data:  Counting by Weighing  

Number of HexNuts in unknown ___________  

Number of BN1 in unknown ___________ 

Number of EF2 in unknown ___________  

Formula of "Molecule" in Container G ___________  

Formula of "Molecule" in Container H ___________  
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11Lab.| Experiment 07:  Gas Law Simulation 
Please carry out this experiment using a computer.  A smart phone or tablet may have limitations. 

Objective 
In this experiment, you will use a gas law chamber to verify the Gas Law, determine the mole of gas each time the pump is depress 
and to verify the Universal Gas Constant, R. 
 
Website 
https://ch301.cm.utexas.edu/simulations/js/idealgaslaw/ 
Introduction 

Relevant Equations 

Boyle's Law PV = 𝐾𝐵            P1V1 = P2V2              T = n = 0 

Charles' Law 
V

T
= KC            V1 / T1 = V2 / T2        P = n = 0 

Avogadro's Law 
V

n
= KA            V1 / n1 = V2 / n2         T = P = 0 

Guy-Lussac's Law 
P

T
= KGL          P1 / T1 = P2 / T2         V = n = 0 

Root mean square speed: 𝑈rms = √
3𝑅𝑇

𝑀
  (not in your text but equation is based on the Kinetic Molecular Theory) 

 
Ideal Gas Law: PV = nRT 

 

P = Pressure in units matching R 

V = Volume of the gas in liters 

n = moles of gas 

T = temperature of the gas in Kelvin 

M = Molar mass of Gas 

𝑈rms speed of particles in a gas. 

            https://courses.lumenlearning.com/boundless-chemistry/chapter/kinetic-molecular-theory/ 

 

R = the ideal gas constant = 0.08206 L*atm/(mol K) = 62.4 L*mmHg/(mol K) 

 

In this experiment, the gas law simulator will be used to investigate the Ideal Gas Law and properties of gases. 

Note that the valve that glows in orange are the control valves.  You can adjust these during the experiment. 

 

 

https://ch301.cm.utexas.edu/simulations/js/idealgaslaw/
https://courses.lumenlearning.com/boundless-chemistry/chapter/kinetic-molecular-theory/
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Gas Simulator: https://ch301.cm.utexas.edu/simulations/js/idealgaslaw/ 

 
 
Control Valve. 

Pressure 

 
Click on dial 
to adjust 
pressure.  
This cannot 
be lock. 

Volume 

 
Click on triangle to 
increase or 
decrease.  Click on 
lock to fix vol. 

Mole (add) 

 
Choose gas A or B and 
then pump handle. 

Mole 
(release) 
 

 
Lever to 
release gas 
in 
chamber. 
 

Temperature: 

 
Click on heat to increase 
the temperature and 
click again to turn off. Do 
the same with cool to 
lower temperature. 

 

Adjust the settings on the simulator to figure out how it works. There are several different controls and changing one may affect 

others.  The pressure has no adjustment, it varies depending on the volume, moles, and temperature. The volume has a lock 

feature, so the volume can be adjusted to a fix setting.  The number of particles (mol) in the chamber can be increase by 

depressing the pump, and release by turning the lever.  Temperature can be controlled by the heating and cooling radio 

buttons. The temperature in the chamber can be temperature fixed by clicking on off.  Double clicking on any control buttons 

turns on and off that setting quickly. 

 

Once you understand how the gas chamber works, you can proceed according to the directions below.  Note that the 

temperature and volume are difficult to adjust to an exact value, so the procedure below suggest a range that can be used for 

this experiment. 

 

https://ch301.cm.utexas.edu/simulations/js/idealgaslaw/
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11Lab.| Experiment 07:  Gas Law Simulation 

Procedure –  
Use the simulator found at the link above to investigate the relationships between the four gas variables: Volume (V), 

Pressure (P), Kelvin Temperature (T) and Number of particles, in moles (n). 

There are six combinations to explore: V-T, V-P, T-P, V-n, n-P, and T-n.  

For each of the combinations you MUST keep the other two variables constant (High-lighted in red in the table).  Prior to 

each setting, empty the chamber by opening the valve and emptying the chamber.  The first data point is given in each 

table.  You will need to collect the other two data points to complete the table.  Select Gas-A for parts 1-7a of the 

experiment.  Select Gas-B for part 7b of the experiment. 
 

1) V-P relationship (Table 1) 

A.  Empty the gas chamber before you start and then adjust the temperature to 295 K (or within 5K).  Pump the plunger 

once then adjust the volume to a range between 300 - 400 L.  The pressure will adjust itself based on the volume you 

select.  Record the volume and pressure in the table.   

B.  Keep the previous temperature and number of particles the same as the last setting.  Adjust the volume to a range 

between 500 - 600L.  Record the volume and pressure in the table below. 

C.  Keep the previous conditions as is but adjust the volume to a range between 800 - 900 L.  Read the pressure and 

record the volume and pressure in the table below. 

D.  The blank in the table below is the setting that you selected during your experiment. 

Summary: Adjust temperature first, pump once and adjust volume.  Read pressure and volume. 

 

Volume (L) 

Adjusted range 

Pressure (atm) Temperature (K) mole (mol) 

Gas-A 

~ 300-400 L ____ 

~ 500-600 L ____ 

~ 800-900 L ____* 

2.67 - 2.00 atm ____ 

____ 

____ 

295 K 

295 K 

295 K 

1 pump 

 * Photo1: Take a photo (or screenshot) of the Gas simulator for your trial (V-P). 

 

2) V-T relationship. (Table 2) 

A.  Empty the gas chamber before you start and then unlock the volume setting.  Pump the plunger once which will 

adjust the pressure.  Next set the temperature between 75 - 100K which will adjust the volume accordingly.  Record the 

temperature and volume in the table below. 

B.  Keep the previous pressure and number of particles the same as the last setting.  Adjust the temperature to a range 

between 125 - 150 K.  Record the temperature and volume in the table below. 

C.  Keep the previous conditions as is but adjust the temperature to a range between 175 - 200 K.  Record the 

temperature and volume in the table below. 

D.  The blanks in the table below are the setting that you selected during your experiment. 

Summary: Set temperature, unlock volume, and pump once.  Read volume and temperature. 

 

Temperature (K) 

Adjusted range 

Volume (L) - Unlock  Pressure (atm) mole (mol) 

Gas-A 

~75 -100 K  ____ 

~125 - 150 K  ____ 

~175 - 200 K  ____ 

185 - 246 L  ____ 

____ 

____ 

~1.00 atm 1 pump 

 



 

105 

 

 

3) V-n relationship. (Table 3) 

A.  Empty the gas chamber before you start and then unlock the volume setting.  Adjust the temperature to 70 K or 

thereabouts.  Pump the plunger once which will adjust the volume and pressure accordingly.  Record the number of 

pumps and volume in the table below. 

B.  Start by keeping the previous pressure and the number of particles the same as the last setting.  Keep the volume 

setting unlock.  Pump the plunger the second time.  Record the number of pumps and volume in the table below. 

C.  Start by keeping the previous conditions as before but add another pump to increase the number of particles in the 

chamber.  Record the number of pumps and volume in the table below. 

D.  The blanks in the table below are the setting that you selected during your experiment. 

Summary: Unlock volume, set the temperature, and pump once.  Read volume and number of pumps. 

 

mole (mol) 

Gas-A 

Volume  (L) Temperature (K) 

Adjusted range 

Pressure (atm) 

1 pump 

2 pumps 

3 pumps 

172 L 

____ 

____ 

70 K 

(or some convenient 

Temp) 

1.00 atm 

 

 

4) P-T relationship (Table 4) 

A.  Empty the gas chamber before you start and then add one pump.  Adjust the volume to 600 L or thereabouts.  You 

can change the volume in small increments by moving your cursor to the valve and double clicking.  Lock down the 

volume so it is constant to your setting.  Adjust the temperature to the range of 75 - 100K.  The pressure will adjust 

accordingly.  Record the temperature and pressure in the table below. 

B.  Start by keeping the previous volume and particles as the last setting.  Adjust the temperature to the range between 

200 - 250 K and the pressure will adjust accordingly.  Record the temperature and pressure in the table below. 

C.  Start by keeping the previous conditions as before and then adjust the temperature between the range of 300 - 400K.  

Record the temperature and pressure in the table below. 

D.  The blanks in the table below are the setting that you selected during your experiment. 

Summary: Pump once, set the volume and lock the volume.  Read pressure and temperature. 

 

Temperature (K) 

Adjusted range 

Pressure (atm) Volume (L) - Lock mole (mol) 

Gas-A 

75 - 100 K  ____ 

200 - 250 K  ____ 

300 - 400 K  ____* 

0.31-0.41 atm ____ 

____ 

600 L 1 pump 

 * Photo2: Take a photo (or screenshot) of the Gas simulator for your last trial (P-T). 
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5) P-n relationship. (Table 5) 

A.  Empty the gas chamber before you start and adjust the temperature to 315K or thereabouts.  Add one pump of gas 

particles in the chamber and then adjust the volume to 500 L or thereabouts.  Lock down this volume setting.  The pressure 

will adjust accordingly and so you can record the pressure and the number of pumps in the table below. 

B.  Start by keeping the volume and the temperature as in the last setting.  Pump the plunger again to increase the number of 

particles in the gas chamber.  Record the pressure and the number of pumps in the table below. 

C.  Continue to keep the previous conditions as before but add additional particles by pumping the plunger once again.  

Record the pressure and the number of pumps in the table. 

D.  The blanks in the table below are the setting that you selected during your experiment. 

Summary: Set temperature, pump once, adjust volume.  Read pressure and number pumps. 

 

mole (mol) Gas-A Pressure (atm) Temperature (K) Volume  (L) 

1 pump 

2 pumps 

3 pumps 

1.55 atm  ____ 

____ 

____ 

315 K 

(or some 

convenient Temp) 

500 L 

(or some 

convenient Vol) 

 

6) T-n relationship  (Table 6) 

A.  Empty the gas chamber before you start. Add gas particles in the chamber by pumping once and then adjust the volume to 

500 L or thereabout and lock.  Adjust temperature such that the pressure changes to 1 atm.  Record the temp. and the 

number of pumps in the table. 

B.  Start by keeping the previous volume.  Pump the plunger a second time to increase the number of particles in the gas 

chamber.  Adjust the temperature so the pressure changes to 1 atm.  Record the temperature and the number of pumps in 

the table below. 

C.  Continue to keep the previous conditions as before but add additional particles by pumping the plunger once again.  Adjust 

the temperature so that the pressure is 1 atm.  Record the temperature and the number of pumps in the table below. 

D.  The blanks in the table below are the setting that you selected during your experiment. 

 

Summary: Add particles by pumping the plunger, adjust volume and lock.  Adjust temperature so pressure is 1 atm (or very 

near to that value).  Read temperature and number of pumps.) 

 

mole (mol)  Gas-A Temperature (K) Pressure (atm) Volume  (L) 

1 pump 

2 pumps 

3 pumps* 

____ 

____ 

____ 

1 atm 500 L 

(or some convenient 

Vol) 

 * Photo3: Take a photo (or screenshot) of the Gas simulator for your last trial (T-n). 
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7a Urms: Calculation of Universal Gas Constant R using root-mean-square equation.  (Table 7a) 

1)  Use Gas A for this procedure.  Empty the gas chamber before you start. Add gas particles in the chamber by pumping once 

and then adjust the temperature to 10 K.  Increase the volume to 1000 L and lock.  Complete the table below by recording the 

number of pumps, the temperature, volume, pressure and Urms.  

2)  Next, increase the temperature to 100K and complete the table below by recording the number of pumps, the 

temperature, volume, pressure and Urms. 

3)  Continue and repeat step 2 but increase the temp. by 100K to fill the table below. 

4)  Adjust the number of pumps and change the temperature to some intermediate value.   

 

mole (mol)  

Gas-A 

Temperature 

(K) 

Pressure 

(atm) 

Volume  

(L) 

RMS (m/s) 

1 pump 

 

 

 

10 K 

100K 

300K 

500K 

600K 

____ 

____ 

____ 

____ 

____ 

1000 L ______ 

______ 

______ 

______ 

______ 

2 pumps 300 K 

400 K 

____ 

____ 

1000 L _____ 

_____ 

3 pumps* 300 K 

500 K 

____ 

____ 

1000 L _____ 

_____ 

 * Photo4: Take a photo (or screenshot) of the Gas simulator for your last trial (Urms Gas A). 

 

7b) Urms: Calc. of Universal Gas Constant R using rms equation.  Use Gas B for this part.  (Table 7b) 

 

mole (mol)  

Gas-B 

Temperature (K) Pressure 

(atm) 

Volume  

(L) 

RMS (m/s) 

1 pump 

 

 

* 

10 K 

100K 

300K 

600K 

____ 

____ 

____ 

____ 

1000 L ______ 

______ 

______ 

______ 

 * Photo5: Take a photo (or screenshot) of the Gas simulator for your last trial. 

 

Please submit the following photos with your Datasheet- 

* Photo1: Take a photo (or screenshot) of the Gas simulator for your last trial from Table1, V-P relationship. 

* Photo2: Take a photo (or screenshot) of the Gas simulator for your last trial from Table2, P-T relationship. 

* Photo3: Take a photo (or screenshot) of the Gas simulator for your last trial from Table6, T-n relationship. 

* Photo4: Take a photo (or screenshot) of the Gas simulator for your last trial from Table7a (Urms Gas A). 

* Photo5: Take a photo (or screenshot) of the Gas simulator for your last trial from Table7b (Urms Gas B). 

Your ID must be shown in each screenshot.  You can do this by placing your ID in front of your screen and then take a photo. 

At this point check to make sure you have all the chemicals and supplies for next week's experiment. 
 



 

108 

 

11Lab.| Experiment 7:  Gas Law Simulation, Datasheet 

Last Name ________________________First_________________________   ____ / _____ pts 

 

Data Sheet 
 

1) Table 1:  V-P relationship Parameters in red, should be fixed and unchanged.  Parameter in yellow is what is adjusted. 

Volume (L) 

Adjusted range 

Pressure (atm) Temperature (K) 

 

mole (mol) 

Gas-A 

~ 300-400 L  ____ 

~ 500-600 L  ____ 

~ 800-900 L  ____ 

2.67 - 2.00 atm  __ 

____ 

____ 

295 K 

295 K 

295 K 

1 pump 

 

 

 

2) Table 2:  V-T relationship 

Temperature (K) 

Adjusted range 

Volume (L) - Unlock  Pressure (atm) mole (mol) 

Gas-A 

~75 -100 K  ____ 

~125 - 150 K  ___ 

~175 - 200 K  ___ 

185 - 246 L  ___ 

____ 

____ 

~1.00  atm 1 pump 

 

 

 

3) Table 3:  V-n relationship  

mole (mol) Volume  (L) Temperature (K) 

Adjusted range 

Pressure (atm) 

Gas-A 

1 pump 

2 pumps 

3 pumps 

172 L 

____ 

____ 

70 K 

(or some convenient 

Temp) 

1.00 atm 
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4) Table 4:  P-T relationship  

Temperature (K) 

Adjusted range 

Pressure (atm) Volume (L) - Lock mole (mol) 

Gas-A 

75 - 100 K  ____ 

200 - 250 K  ____ 

300 - 400 K  ____ 

0.31-0.41 atm _ 

____ 

____ 

600 L 1 pump 

 

 

 

5) Table 5:  P-n relationship 

mole (mol)  Gas-A Pressure (atm) Temperature (K) Volume  (L) 

1 pump 

2 pumps 

3 pumps 

1.55 atm  ____ 

____ 

____ 

315 K 

(or some  

convenient Temp) 

500 L 

(or some  

convenient Vol) 

 

 

 

6) Table 6:  T-n relationship  

mole (mol)  Gas-A Temperature (K) Pressure (atm) Volume  (L) 

1 pump 

2 pumps 

3 pumps 

____ 

____ 

____ 

1 atm 500 L 

(or some convenient Vol) 
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7a) Urms: Calculation of Universal Gas Constant R using root-mean-square equation.   

 Use Gas A for this part. 

 Table 7A 

mole (mol)  Gas-A Temperature (K) Pressure (atm) Volume  (L) RMS (m/s) 

1 pump 

 

 

 

10 K 

100K 

300k 

500K 

600K 

____ 

____ 

____ 

____ 

____ 

1000 L ______ 

______ 

______ 

______ 

______ 

2 pumps 300 K 

400 K 

____ 

____ 

1000 L _____ 

_____ 

3 pumps 300 K 

500 K 

____ 

____ 

1000 L _____ 

_____ 

 

 

 

7b)  Urms: Calculation of Universal Gas Constant R using root-mean-square equation.   

 Use Gas B for this part.  

 Table 7B 

mole (mol)   Gas-B Temperature (K) Pressure (atm) Volume  (L) RMS (m/s) 

1 pump 

 

 

 

10 K 

100K 

300K 

600K 

____ 

____ 

____ 

____ 

1000 L ______ 

______ 

______ 

______ 
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Calculations Analysis 

 

A.  For each data set that you collected, 1-6, determine if the variables are directly proportional (increasing one variable causes the 

other to increase.) or inversely proportional (increasing one causes the other to decrease.) 

 (Check appropriate box) 

Table Relationshi

p 

First Variable Second Variable 

Table 1 V - P Volume:  Increase -  Decrease Pressure:  Increase -  Decrease 

Table 2 V - T Volume:  Increase -  Decrease Temperature:  Increase -  Decrease 

Table 3 V - n Volume:  Increase -  Decrease mole:  Increase -  Decrease 

Table 4 P - T Pressure:  Increase -  Decrease Temp:  Increase -  Decrease 

Table 5 P - n Pressure:  Increase -  Decrease mole:  Increase -  Decrease 

Table 6 T - n Temperature:       Increase -  Decrease mole:  Increase -  Decrease 

 

 Use data from table 1, 2 & 3 to complete the equations below.  Equation A is done for you below. 

  𝑉 ∝  
 𝑥 𝑦

𝑧
    x, y and z represent one of the gas variables. 

 Note that the symbol means proportional sign, ∝ , it is not an equal sign but shows relationship between variables. 

Go to the following link to learn more about the ∝ symbol:  https://byjus.com/maths/direct-proportion/ 

 

  Complete the equation with the correct variable. V ∝  
𝑛    •   𝑇

𝑃
   Eqn A 

 

  Continue with the following equations for P  P ∝  ______  Eqn B 

 

  Continue with the following equations for T  T ∝  ______  Eqn C 

 

  Continue with the following equations for n  n ∝  ______  Eqn D 

 

 

 

 

 

 

 

https://byjus.com/maths/direct-proportion/
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B.  Calculate the R value based on data from table 7 and at 300K using the equation- 

 Root-mean-square equation.  Based on the kinetic molecular theory, average speed of a gas is directly proportional to the 

absolute temperature and inversely proportional to its molar mass.   
 

  Urms = √
3RT

M
    rearranging to solve for R,    R′ =

M•Urms
2

3•T
  (units will be 

Joules

mol•K
)        Eqn 1 

 

 To convert R to units of 
L•atm

mol•K
• Use the conversion factor, 1 L-atm = 101.3 J 

 

  Urms = √
3RT

M
    rearranging to solve for R,   R" =

M•Urms
2

3•T
 • 

1 L•atm

101.3 Joules
                      Eqn 2 

 

 where Urms is the speed of the molecule in m/s, T is the absolute temperature in Kelvin and M is the molar mass of the gas 

particles.  For Gas A, the molar mass is 3.0 g/mol, however you must use 3.00 x 10-3 kg/mol for this calculation because          

1 J = 
1 Kg m2

s2 .  The mass must be express in kilograms. 

 

 Example:  Calculate value of R’ and R” given the following values. 

mole (mol)  

Gas-A 

Temperature 

(K) 

Pressure 

(atm) 

Volume 

(L) 

RMS 

(m/s) 
R' 

𝐽

𝑚𝑜𝑙•𝐾
 R" 

𝐿•𝑎𝑡𝑚

𝑚𝑜𝑙•𝐾
 

1 pump 273 k 0.74 atm 1000 L 461 m/s  See calc See calc below 

 Urms = 461 m/s,  M = 32.0 •10-3 Kg/mol, and T = 0°C (273 K)   

 Using Eqn 1:  R =   
32.0•10−3 

Kg
mol

 •(
461m

s
)2 

3 (273K)
 = 8.304 

Kg•m2

mol•K
= 8.304 

J

mol•K
 

 

 Using Eqn 2:  R” = 8.304 
J

mol•K
•  

1 L•atm

101.3 J
 = 0.08197 

L•atm

mol•K
 

 

 Note that for the example above, 32.0•10-3 kg/mol is used but for your calculations, you must use 3.00•10-3 Kg/mol.   

This is the molar mass of Gas – A. 
 

 Show your work in your calculation for R.  

mole (mol)  

Gas-A 

Temperature 

(K) 

Pressure 

(atm) 

Volume 

(L) 

RMS 

(m/s) 
R' 

𝐽

𝑚𝑜𝑙•𝐾
 R" 

𝐿•𝑎𝑡𝑚

𝑚𝑜𝑙•𝐾
 

1 pump 

 

 

 

10 K 

100K 

300k 

600K  

____ 

____ 

____ 

____ 

1000 L ______ 

______ 

______ 

______ 

______ 

______ 

______ 

______ 

______ 

______ 

______ 

______ 

2 pumps* 300 K 

400 K 

____ 

____ 

1000 L _____ 

_____ 

_____ 

_____ 

_____ 

_____ 

3 pumps 300 K 

500 K 

____ 

____ 

1000 L _____ 

_____ 

_____ 

_____ 

_____ 

_____ 

   Average R value =  

Use this value in 
the next table 

 

*Show sample calculations for data high-lighted in green  (300K) above.  
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C.  Calculate the molar mass of Gas B, using the average R’ value (
𝐽

𝑚𝑜𝑙•𝐾
) from the previous question.  

 Rearranging the 𝑈𝑟𝑚𝑠 = √
3𝑅𝑇

𝑀
  gives M = 

3𝑅𝑇

𝜇2 , in which you use the R' value from table 7a  

 

 Use the data from table 7b.  Show calculations below for the molar mass of B. Remember that the of Molar Mass of the gas 

when using the root-mean-square equation will be in units of kg/mol, so you will need to multiply your final answer by 1000  

(1 kg = 1000 g).  See sample calculations below. 

  

 Sample calculation.  Given a urms =731.1 m/s at 600K, what is the molar mass of the gas?  What is the identity of the gas? 

 M = 
3𝑅𝑇

𝜇2  = 
3∗8.314∗600 𝐾

731.12   •1000 =  28.0 g/mol.  The molar mass of a gas with 28.0 g/mol is N2. 

 

mole (mol) 

Gas-B 

Temperature 

(K) 

Pressure 

(atm) 

Volume  

(L) 

RMS (m/s) R’ value 

used 

Molar mass 

(g/mol) 

1 pump 

 

 

 

10 K 

100K 

300K 

600K 

____ 

____ 

____ 

____ 

1000 L ______ 

______ 

______ 

______ 

______ 

This is the 
average for 

R’ from 
previous 
table ** 

______ 

______ 

______ 

______ 

 

 Show one sample calculation that is highlighted in green here.  **You must use the right R’ value (approximately, 8.3) 

 

 

 

 

 

D.  Determine the number of moles in 1 pump, 2 pumps and 3 pumps.  Use the R" (
𝐿•𝑎𝑡𝑚

𝑚𝑜𝑙•𝐾
 ) value you calculated above, and the data 

in Table 7a above.  For this calculation, use the ideal Gas Law, PV= nRT.  Solve for n, the number of moles, in this equation. 
 
 1 pump =     

 2 pumps = 

 3 pumps = 

 Show sample calculation here for the 2 pumps example (in this worksheet). 

 

 
Please submit the following photos with your Datasheet- 

* Photo1: Take a photo (or screenshot) of the Gas simulator for your last trial from Table1, V-P relationship. 

* Photo2: Take a photo (or screenshot) of the Gas simulator for your last trial from Table2, P-T relationship. 

* Photo3: Take a photo (or screenshot) of the Gas simulator for your last trial from Table6, T-n relationship. 

* Photo4: Take a photo (or screenshot) of the Gas simulator for your last trial from Table7a (Urms Gas A). 

* Photo5: Take a photo (or screenshot) of the Gas simulator for your last trial from Table7b (Urms Gas B). 

Your ID must be shown in each screenshot.  You can do this by placing your ID in front of your screen and then take a photo. 

At this point check to make sure you have all the chemicals and supplies for next week's experiment. 
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11Lab.| Experiment 7:  Gas Law Simulation, Pre-Lab 

Last Name ________________________First_________________________ ____ / _____ pts 

Pre-Lab Questions 

1. A given amount of molecular oxygen gas is in a closed, expandable container. If the molecular oxygen acts as an ideal gas, 

answer the following questions. 

a. What will happen to the volume if the temperature doubles and the pressure remain constant? 

 

 

 

b. What will happen to the pressure if the volume is decreased by half and the temperature is doubled? 

 

 

 

 

2. A sample of molecular nitrogen gas, N2, occupies 3.0 L at a pressure of 3.0 atm. What volume will it occupy when the 

pressure is changed to 0.50 atm and the temperature remains constant? 

 

 

 

 

3. A 325 mL sample of air at 0.95 atm and 30.0oC, occupies what volume at 1.05 atm and 75.0 oC? 
 

 

 

 

4. Molecular hydrogen gas was collected over water in a eudiometer at 25.0°C when the atmospheric pressure was 752 mm 

Hg. What was the pressure of the molecular hydrogen gas in the eudiometer?  

(Water vapor pressure at 25.0°C is 23.756 mmHg) 
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11Lab.| Experiment 7:  Gas Law Simulation, Post Lab 
Last Name ________________________First_________________________ ____ / _____ pts 

Post-Lab Questions 

Answer these post lab questions and turn into your instructor before you leave lab unless told otherwise by instructor. 
 
 

1. What happens to the pressure if the gas volume is cut in half while n and T are held constant? 

 

 

 

 

 

2.  What happens to the pressure if the gas temperature is increased while n and V are held constant? 

 

 

 

 

 

 

3.  Using your Volume-Temperature relationship in Table 2 of the Data Sheet, at what temperature should the gas volume fall 

to zero liters? 

 

 

 

 

4. Using the value of 0.0821 L• atm/mol •K for R     and the Pressure (in atm) from Table 3, calculate the number of gas particles, n, 

in your 2 pumps sample?  

 

 

 

 

 

 

 

5. Using the value of 0.0821 L• atm/mol •K for R     and the Pressure (in atm) from Table 5, calculate the number of gas particles, n, 

in your 3 pumps sample?  
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12Lab | Experiment 08: Concentration of a Salt Solution 

Objective 

The purpose of this experiment is to determine the weight & concentration of dissolved solids in 

salt-tainted water solutions. Concentration by parts (%, ppm & ppb) will be determined.  

 

Material and Chemicals 

KLM Equipment Alcohol burner with stand (or stove) 

Wash Bottle 

(3) 100mL Beaker or 

(1) 400mL Beaker 

5 mL Grad cylinder 

Watch Glass 

(3) Petri dish 

Miramar  supply (3) Saltwater solutions, same concentrations ( 5-10 mL) 

Stirring rod w/ policeman  Evaporating Dish 

Wire gauze 

Spatula 

Berel Pipette 

1 crucible tong 

You supply: Digital Pocket Scale  Hot mitts Hair dryer (optional)  

*  As an option, you can use the burner from your stove to heat the beaker and evaporate the solutions 
 

Introduction 

Additional Reading:  Ch 9.4, Chemistry in our Lives, 5th Edition Timberlake.  “Solution Concentrations and Reactions.”  For this 

experiment, you will be determining the concentration of a saline solution of unknown concentration.  Your results will be reported 

in a mass percent (m/m %), ppm and ppb. 
 

Water as it occurs in nature contains various amounts of dissolved substances depending on its origin; for example, rain, lakes, 

rivers, wells, or oceans will contain different amounts of dissolve solids. The dissolved substances maybe gases, solids, and liquids.  

Undesirable gases are removed easily from the water by aeration, but dissolved solids may be difficult to remove.  These dissolved 

substances affect the suitability of the water for drinking or other uses.  Mineral water is water containing not less than 250 parts 

per million (ppm) total dissolved solids (TDS), coming from a source tapped at one or more bore holes or springs, originating from a 

geologically and physically protected underground water source. No minerals may be added to this water. If TDS content is below 

500 ppm, the statement "low mineral content" must appear on the label. If TDS content is above 1500 ppm, the statement "high 

mineral content" must appear on the label.  The standards set by the Federal Government for drinking water is no more than 500 

mg of dissolved solids per liter (500 parts per million).   

An example of highly mineralized water is found in certain some southern cities.  The quantity of dissolved solids varies during the 

year (0.5-1.2 g /liter) but is almost always more than the recommended standard.  The dissolved materials in the water seem to have 

no adverse effect on health. The water contains no transition or heavy metals because the water is slightly basic.  Also, dissolved 

fluoride ion, which is naturally present, is thought to be beneficial in protecting the teeth of children from decay. The water is said to 

satisfy requirements for bacterial content even before chlorination (usually with sodium hypochlorite).  On the negative side, 

sometimes there is a slightly unpleasant odor in the water that is caused by minute quantities of sulfur compounds originating from 

sulfur springs. A substantial concentration of magnesium sulfate (Epsom salts} in the water has a cathartic effect on some newly 

arrived visitors to the area, although the effect disappears in a day or two. Nevertheless, the principal objection to the dissolved 

solids is the scale deposited by the water in taps, water heaters, boilers, and plumbing fixtures, and the problems of laundering in 

hard water (water containing large amounts of divalent cations like Ca2+, Fe2+, and Mg2+).  
 

When analyzing other source of water, the source should be documented.  Aside from calculating the concentration of dissolved 

particulates, ionic composition can also be determined.  
 

The Environmental Protection Agency (EPA) establishes standards for drinking water that falls into two categories -- Primary 

Standards and Secondary Standards. The hardness of your water is usually reported in grains per gallon, milligrams per liter (mg/l) or 

parts per million (ppm). One grain of hardness equals 17.1 mg/l or 17.1 ppm of hardness.  Finally here is an article from Times 

magazine on water filter systems.  

 

http://waterquality.montana.edu/docs/homeowners/tds_fact_sheet.shtml
http://wilkes1.wilkes.edu/~eqc/hard1.htm
https://time.com/7009156/do-you-need-water-filter/?utm_medium=email&utm_source=sfmc&utm_campaign=newsletter+brief+default+ac&utm_content=+++20240812+++body&et_rid=207441696&lctg=207441696
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Primary Standards are based on health considerations and Secondary Standards are based on taste, odor, color, corrosivity, foaming, 

and staining properties of water. There is no Primary or Secondary standard for water hardness.  The U.S. Department of Interior 

and the Water Quality Association classify water hardness.  The limits are as follow:  

 

Classification mg/l or ppm grains/gal 

Soft 

Slightly hard 

Moderately hard 

Hard 

Very Hard 

0 - 17.1 0 – 1 

17.1 - 60 1 - 3.5 

60 - 120 3.5 - 7.0 

120 - 180 7.0 - 10.5 

180 & over 10.5 & over 

 

 

A portion of your grade will reflect the accuracy and precision of your results based on the concentration of your unknown salt 

solution.  

 

 

Use of Alcohol Burner (aka Alcohol lamp) 

 Taken from:  https://www.wikiwand.com/en/Alcohol_burner 

 An alcohol burner or spirit lamp is a piece of laboratory equipment used to produce an 

open flame. It can be made from brass, glass, stainless steel or aluminum.  Alcohol 

burners are preferred for some uses over Bunsen burners for safety purposes, and in 

laboratories where natural gas is not available. Their flame is limited to approximately 5 

centimeters (two inches) in height, with a comparatively lower temperature than the gas 

flame of the Bunsen burner. While they do not produce flames as hot as other types of 

burners, they are sufficiently hot for performing some chemistries, standard 

microbiology laboratory procedures, and can be used for flame sterilization of other 

laboratory equipment.  Typical fuel is isopropanol (or rubbing alcohol) that is available in 

your nearby drug store such as CVS or Walgreen.  A cap is used as a snuffer for 

extinguishing the flame.  

  
Fig. A 

 

 
Fig B 

 

https://www.wikiwand.com/en/Alcohol_burner
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Procedure –  
Precautionary Notes: 

This experiment has been modified so that you will analyze water samples that has a predetermine concentration of 

dissolved solid.  Do use tap water to do a final rinse of your evaporating dish since it will contain dissolved minerals that 

may alter your results.  It is okay to use tap water as the boiling solution in the beaker, however. 

 

Be sure to review the use of scale and alcohol burner (lamp).  Alternatively, you can use your stovetop to heat the water.  

Be careful so that you do not overheat the beaker which may cause the beaker to break. Always check your glassware for 

stress, fatigue, and stars.  If you detect these, use another beaker because chances are the glassware will crack in this 

experiment.  After weighing each beaker in the first step, use tongs or thick gloves (oven mitts) to handle the 

glassware.  Do not handle glassware with your fingers. The residue from your fingers is enough to throw off the results. 

 

For saltwater samples to be analyzed, be sure to do three trials then average the results.   This experiment has been 

modified to take into consideration that your scale is not sensitive enough to distinguish milligram samples, you have been 

issued liquids with a predetermined amount of dissolved salt.  You are to calculate the total dissolved solids in this 

solution to the hundredth of a gram, which is the sensitivity of your scale, i.e., + 0.01. 

 

In your chemical container kit, you will find three vials with the same unknown letter (A, B or C).  These are the 

saltwater samples that you will be analyzing.  All three samples will have the same concentration because you want to 

carry out the procedure in triplicate and take the average for your results. 

 

 

1. The baggie containing your chemicals is where you will find your unknown solution for this experiment.  This unknown is 

the salt-tainted water sample and will be labeled Unknown A, B or C.  Record the letter of your unknown in the worksheet.  

The letter of the unknown you analyze should all be the same.  For example, you will find 3 vials of Unknown A.  You are 

to do these in triplicate.  You will do three trials then average the results in this experiment.  Use the 250-mL beaker and 

the evaporating dish for this procedure.  Thoroughly clean with soap and water the evaporating dish and be sure it is dry 

use a hair dryer or the microwave to dry the evaporating dish.  Inspect the glassware for stress, stars, or cracks, if you 

suspect your beaker is stress, replace it because if it breaks, your experiment will fail. 

Photo 1: You must take a photo of all three unknowns within the vial showing your unknown letters, A, B or C.,  

Recently, the lab tech decided to save on cost so you may be provided only one vial.  It is your responsibility to split this to 

three solutions so you can do the experiment in triplicate and take an average. 

 

2.  Pencil in "1", "2" and “3” on the label of the salt solution unknowns.  You will need to do this procedure one at a time.  

Weigh the evaporating dish on the balance to the hundredth of a gram (0.01 g).  Write the mass of each beaker in your 

report sheet.  (An alternative procedure is to use the evaporating dish to carry out this experiment.). This is demonstrated 

in the video procedure. 

 

3. Pour the portion of the saltwater unknown sample (trial 1) into a 5 or 10-mL graduated cylinder.  Read and record the 

volume in the data sheet. Next pour the water into the evaporation disk  You will need to do this same procedure for trials 

2 and 3, after completing trial 1 (since you only have one evaporating dish).  Weigh the evaporating dish with the saltwater 

solution on the balance to the nearest hundredth of a gram (0.01 g).  Write this weight as the "Mass salt-solution + 

evaporating dish" measurement.  Again, you will repeat this for the other two samples when completing a trial.  

Photo 2: Take a photo of the evaporating dish containing saltwater unknown solution sitting on the scale. 
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4. Place the beaker / evaporating dish on the stand that came with the alcohol burner. You can also use the method in 

which you place a wire gauze over your oven stove and then place the beaker on the wire gauze and then the evaporating 

dish over the beaker (like what you did in Expt 4).  

Photo 3: Take a photo of the evaporating dish with the solution as it is being heated. 

 

5. If you are using the alcohol burner, ignite the alcohol burner and allow the evaporating dish to be heated until the 

solution hot enough so the water in the solution begins to evaporate.  Be careful not to heat too much as splashing will 

cause some of the salt water to splatter.  If you are using your stove, heat the beaker to a gentle boil (medium to low heat 

setting) so that the water in the beaker begins to boil. Be sure the beaker has ample water so that the water in the beaker 

does not boil to dryness.  The steam from the beaker will heat the salt solution in the evaporating dish so the liquid of the 

salt solution begins to evaporate.  The rate of evaporation can be controlled by moving the alcohol burner in and out of the 

bottom of the stand.  Be careful not to burn anything nearby.  You should have a fire extinguisher ready.  When the 

volume of water sample has finally boiled down to about 0.5-ml, it is advisable to cover the beaker to use low heat so that 

no splattering occurs.  The evaporating dish should contain only salt residue, allow the remaining heat to evaporate the 

residual water.  

 

6.  If there is still water along the walls of the beaker or the residual salt is still wet, evaporate the small amount of water in 

the evaporating dish to dryness by heating the dish gently with a hair dryer or place in a microwave for 30 sec.  Be careful 

that the hair dryer does not blow the residue out of the evaporating dish.  From this point on, use tongs or hot mitts to 

handle the beaker so that oil from your fingers do not add to the mass of the residue.  If you are to handle hot glassware, 

use the oven-mitts or dish towels to handle the hot evaporating dish or beaker.  do not touch the heated items directly.  

Remember hot items look the same as cool items.  

 

7. Note and record the color of the residue (residual salt) and describe the details in your data sheet. 

 

8. Allow the evaporating dish / beaker to cool for an additional 10 - 15 minutes making sure that there is no residual water 

remaining.  Pat dries the underside of the evaporating dish / beaker.   Do not touch these items with your hands directly 

since fingerprints on the evaporating dish / beaker surface will throw off your results. 

 

9. Weigh the evaporating dish which contains the residue and write the result in your datasheet as " Mass evaporating 

dish + residue ".  Use the weight of "beaker", the weight of "beakers + water" and the weight of "beaker + residue" to 

calculate the weight of dissolved solids in the water sample and the amount of total dissolved solids (TDS) in your sample.  

Express the TDS in parts per hundred (% mass), parts per million (ppm) and parts per billion (ppb).  Be sure to use the 

correct number of significant figures in your calculations.  

Photo 4: Take a photo of the evaporating dish containing residual salt on the scale. 

 

Clean up.  

Wash and dry all your glassware equipment.  Dispose of all used chemicals in the proper waste container.  Wipe down 

your station and place your glassware and equipment back in its proper place.  Wash your hands thoroughly with soap 

and water before leaving your work area. 

 

Please submit the following photos with your Datasheet- 
Photo 1: You must take a photo of all three unknowns within the vial showing your unknown letters, A, B or C. 

Photo 2: Take a photo of the beaker/evaporating dish containing saltwater unknown solution sitting on the scale. 

Photo 3: Take a photo of the evaporating dish with the solution as it is being heated. 

Photo 4: Take a photo of the beaker/evaporating dish containing residual salt on the scale. 

Each photo should show your college ID in the foreground. 
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12Lab | Experiment 08: Concentration of a Salt Solution, Datasheet 

Last Name________________________ First _________________________   ____ / _____ pts 

 
A.  Datasheet:  Show all calculations in the space.  You will not receive credit for showing work if it is not show in this area. 

 Sample 1 Sample 2 Sample 3 

 
Unknown # __________ 
 

You should analyze the same unknown 
number (If you are given only 1 vial, split 
it to 3 solutions) to do the expt in 
triplicate.   

Write a description of sample: 
 
 
 
 

1. Volume of salt-tainted solution, 
measured from graduated cylinder.  
(Use the precision of the 5-mL,or 10-mL 
cylinder when recording your data): 

   

2. Mass of evaporating Dish: 
Write units after each measurement. 

   

3. Mass of solution + Evap Dish: 
Write units after each measurement. 

   

4. Mass Evap Dish + residue (salt): 
Write units after each measurement. 

   

5. Mass of residue: 
Write units after each measurement. 

   

6. Mass of solution: 
Write units after each measurement. 

   

 
Show one sample calculation in proper format for Mass of residue and mass of solution (Show calculation in the space below): 
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B.  % (m/m) of Salt Solution  
Unknown #. ________. (Write your unknown # or letter here again.  If you forget, you will not receive points for unknown) 

7. % concentration (m:m):  
Write units after each measurement. 

   

8. Average % Concentration: 
Write answer with correct significant figures.  
Write units after measurement. 

 

 

 

 

Show one sample calculation in proper format for the % concentration of your solution and the calculation of the average. 
(Show calculation in the space below): 
 
 
 
 
 
 
C.  Parts per million (ppm) and Parts per billion (ppb) 

 9.  ppm (m:m) 
Write units after each measurement. 

 

 

 

  

10. Average ppm 
Write answer in scientific notation with 
correct significant figures.  Write units after 
measurement. 

 

 

 

11. ppb (m:m) 
Write units after each measurement. 

 

 

 

  

12. Average ppb  
Write answer in scientific notation with 
correct significant figures.  Write units after 
measurement. 

 

 

 

Show one sample calculation in proper format for the ppm and ppb your solution. 
(Show calculation in the space below): 
 
 
 
 
 
 
Please submit the following photos with your Datasheet- 
Photo 1: You must take a photo of all three unknowns within the vial showing your unknown letters, A, B or C. 

Photo 2: Take a photo of the beaker/evaporating dish containing saltwater unknown solution sitting on the scale. 

Photo 3: Take a photo of the evaporating dish with the solution as it is being heated. 

Photo 4: Take a photo of the beaker/evaporating dish containing residual salt on the scale. 

Each photo should show your college ID in the foreground. 

At this point check to make sure you have all the chemicals and supplies for next week's experiment. 
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12Lab | Experiment 08: Concentration of a Salt Solution, PreLab 
Last Name________________________ First _________________________   ____ / _____ pts 
Prelab Questions   

Note that these questions may be slightly different from those found in Canvas.  Numerical questions will have different data, but 

the concept of the question is the same and if you can answer these questions here with the given data, then you can use a similar 

strategy in solving the problems in Canvas using different numbers. 

 

1.  Define the unit “ppm”? 
 
 
 
 
 
2.  Define residue in the context of this experiment? 
 
 
 
 
 
3.  What common ions might be found in tap water? 
 
 
 
 
 
 
4. 150 ml of water is collected from a local lake.  The water is weighed and evaporated to dryness.  The data is shown below.  

Calculate the concentration of the residue in % mass, ppm and ppb.   (Show calculation for full credit) 
 

Note that these numbers may vary in Canvas. 
 Mass water sample + beaker 570.055 g 
 Mass beaker + residue 420.143 g 
 Mass beaker 420.025 g 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Do not forget to upload this prelab worksheet in Canvas.  
(Your college photo ID should be in the foreground when you take a pic of the completed worksheet) 
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12Lab | Experiment 08: Concentration of a Salt Solution, Post Lab 

Last Name________________________ First _________________________   ____ / _____ pts 
Postlab Questions 

1. If the residue is not heated to dryness but is still somewhat moist, how would this change the final amount of residue calculated in 
the solution? Would you expect the calculated concentration of the residue to be higher or lower than the true value?   (Check mark 
and provide explanation) 
 
Concentration:  Higher ____    Lower ____   No Change  _____  Not enough information ____   than true value. 
 
 
 
 
 
 
2. If a large piece of dirt, say 10 mg, falls into the beaker just after the sample is evaporated to dryness and is weighed, what effect 
would this have on the weight of dissolved solids found? Would you expect the calculated concentration of the residue to be higher 
or lower than the true value?  (Check mark and provide explanation) 
 
Concentration:  Higher ____    Lower ____   No Change  _____  Not enough information ____   than true value. 
 
 
 
 
 
 
 
 
3. If a large amount of water splatters out of the beaker, say ~10 mL, during the evaporation process.  Explain how would this affect 
the mass of the residue calculated in your result? Would you expect the calculated concentration of the residue to be higher or 
lower than the true value? 
 
Concentration:  Higher ____    Lower ____   No Change  _____  Not enough information ____   than true value. 
 
 
 
 
 
 
 
 
4. If you calculated a saltwater solution of about 3.5% *, what would the molarity of this solution?   
    Assume the density of this solution is 1.03 g/mL.  (* BTW, this is the salinity of seawater).  
    MWNaCl = 58.44 g/mol 
 
 
 
 
 
 
 
 
 
Do not forget to upload this postlab worksheet in Canvas.  
(Your college photo ID should be in the foreground when you take a pic of the completed worksheet) 
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13Lab | Experiment 09:  Titration of Vinegar 
Last Name________________________ First _________________________   ____ / _____ pts 
 
Objective 
The purpose of this experiment is to determine the molarity and weight/volume percent concentration of acetic acid in typical 
household vinegar by titration with sodium hydroxide to a phenolphthalein endpoint. 
 

Material and Chemicals 

KLM Equipment: (1) 20 x 200 mm Test tube 5mL graduated cylinder  Wash bottle 

 (3) test tube 18x150mm 400mL beaker  

Miramar  supply: (3) Unknown Vinegar Solution 

 Phenolphthalein  

~ 0.4xx M NaOH solution  

Hydro-ion Paper 

Stirring rod w/ policeman  

 

(6) Berel pipet 

You supply: Distill water White printer Paper   

 
Introduction 
Required additional reading:  For a more complete description of Titrations, read Chemistry in our Lives, 5th Edition Timberlake.  

Ch11.8 “Acid-Base Titration.”  

 

Acetic acid (CH3COOH) is the active ingredient in vinegar and is the chemical compound which gives vinegar its pungent odor and sour 

taste.  It contains one ionizable hydrogen atom (shown in bold type):  CH3COOH.  In aqueous solution, when acetic acid reacts with a 

strong base like sodium hydroxide (NaOH), the hydroxide ion from the base reacts with the hydrogen ion from the acid to produce 

water.  The remaining sodium ion (Na+) and the polyatomic acetate ion (CH3COO-) form the soluble salt sodium acetate, 

NaCH3COO(aq), which remains dissociated in solution.  This acid-base reaction is called a neutralization reaction and has the general 

form: 
 

acid + base   ↔   a salt   +   water 
 

For the reaction of acetic acid with sodium hydroxide, the chemical equation is written as: 
 

HC2H3O2(aq) + NaOH(aq)  −(H2O)→   Na+
(aq)   +   C2H3O2-

(aq)  + H2O(l) 
 

The progress of a neutralization reaction can be monitored by using a pH indicator, such as phenolphthalein.  This type of monitoring 

is called titration and involves the incremental addition of small amounts of base to the acid in the presence of a pH indicator.  An 

indicator is chosen which will change color at a pH very close to the equivalence point of the titration.  Usually, an indicator undergoes 

a color change within 1 pH unit.  The equivalence point is defined as the point at which the number of moles of base added is equal 

to the number of moles of acid present in the solution being titrated.  When the indicator changes color, this is called the endpoint of 

the titration and indicates that the equivalence point has been reached.  By accurately knowing the molarity of the base and the 

volume of base added to reach the endpoint, the molarity of the acid can be calculated, providing the reaction has a one to one (1:1) 

stoichiometry of acid to base.  (It is possible to do this for other stoichiometric ratios as well.)  It should be noted here that the pH 

value of an acid-base solution is a measure of the power of hydrogen.  That is because the pH is calculated based on pH = -log[H3O+] 

and [H3O+] = 10-pH, so the pH value is a measure of the power of hydrogen concentration.  Finally, you should recall from lecture that 

[H3O+] and [H+] are used interchangeably in these equations. 

 

The method for calculating the molarity of acid in the solution is based on the definition of the equivalence point.  At the equivalence 

point (endpoint): 

moles of base added = moles of acid present 

 

Further, it is known from solution chemistry that: 

molarity * volume = number of moles 
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Now, in this titration we know the molarity and volume of the base added and the volume of acid titrated.  Therefore, to find the 

molarity of the acid we use the equation: 

 

Mbase • Vbase = Macid • Vacid 

 

The known values are then substituted to solve for the molarity of the acid. 

 

Example 1:  A 25.00 mL sample of a monoprotic acid of unknown molarity was titrated to the equivalence point with 50.00 mL of 0.100 

M sodium hydroxide.  What is the molarity of this acid? 

 Step 1: Write the equation. 

 

   Mbase • Vbase = Macid * Vacid 

 

 Step 2: Convert mL of base to L of base. 

   50.00 𝑚𝐿 𝑁𝑎𝑂𝐻 ∗ 
1 𝐿 𝑁𝑎𝑂𝐻

1000 𝑚𝐿 𝑁𝑎𝑂𝐻
= 0.05000𝐿 𝑁𝑎𝑂𝐻 

 

 Step 3: Convert mL of acid to L of acid. 

   25.00 𝑚𝐿 𝑎𝑐𝑖𝑑 ∗ 
1 𝐿 𝑁𝑎𝑂𝐻

1000 𝑚𝐿 𝑁𝑎𝑂𝐻
= 0.02500𝐿 𝑎𝑐𝑖𝑑 

 

Step 4. Substitute the appropriate values into the equation and solve for molarity. 

 0.100 𝑀 ∗  0.05000𝐿 = 𝑀 𝐴𝑐𝑖𝑑 • 0.02500 𝐿 

 

 Solving for Macid Macid = 0.200 M 

 

For acids used in the laboratory, molarity is commonly used to express concentration. However, for common household acids, such as 

the vinegar you will be titrating, the concentration of the acid is usually reported on the label as the percentage of acid in the solution 

(weight/volume percent).  In other words, the weight of the acid in grams divided by the volume of solution in milliliters.  The 

weight/volume percent of the acid sample titrated can be calculated from the molarity of the acid as follows: 

 

Step 1: 𝑀𝐴𝑐𝑖𝑑   (𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑎𝑏𝑜𝑣𝑒)  ∗  𝑉𝐴𝑐𝑖𝑑   (𝑡𝑖𝑡𝑟𝑎𝑡𝑒𝑑)  = # moles of acid titrated 

 

Step 2: # moles of acid titrated • molar mass of acid    = grams of acid titrated 

 

Step 3: 
𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑎𝑐𝑖𝑑 𝑡𝑖𝑡𝑟𝑎𝑡𝑒𝑑

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎𝑐𝑖𝑑 𝑡𝑖𝑡𝑟𝑎𝑡𝑒𝑑
•  100    = weight / volume percent of acid 

 

 

Example 2:  If the acid titrated in Example 1 was HCN (hydrocyanic acid), what is the weight/volume percent of HCN in the sample? 

 

 Step 1: 0.200 𝑀 ∗  0.02500 𝐿 = 0.05000𝐿 𝐻𝐶𝑁 

 

 Step 2: 0.00500 𝑚𝑜𝑙𝑒𝑠 𝐻𝐶𝑁 ∗  
27.0 𝑔 𝐻𝐶𝑁

1 𝑚𝑜𝑙 𝐻𝐶𝑁
= 0.135 𝑔 𝐻𝐶𝑁 

 

 Step 3: 
0.135 𝑔 𝐻𝐶𝑁

25.00 𝑚𝐿 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
•  100 = 0.540 % 𝐻𝐶𝑁 
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The term error refers to the absolute value of the numerical difference between the known value and the experimental value.  Errors 

are often expressed relative to the known value as a percent error.  Percent error is given by the equation: 

 

|𝑘𝑛𝑜𝑤𝑛 𝑣𝑎𝑙𝑢𝑒 −  𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒|

𝐾𝑛𝑜𝑤𝑛 𝑣𝑎𝑙𝑢𝑒
•  100 = % 𝐸𝑟𝑟𝑜𝑟 

 

The closer the percent error is to zero, then the more accurate your experimental value (i.e., the more closely the experimental value 

agrees with the known value). 

 

Example 3:  If the label on the acid above indicated that the weight/volume percent was 0.600, then what was the percent error for 

the titration? 

 
|0.600 −  0.540|

0.600
•  100 = 10.0 % 𝐸𝑟𝑟𝑜𝑟 

 
 
 

Procedure – 
 A. Setup  

1: You are to be given either a 5.00% or 10.0 % m:m vinegar solution in one vial.  Use both concentrations when 

calculating the % concentration in this lab.  Make sure you use about 2.00 mL for each of the three trials in this 

lab. Write a description of the vinegar soluton in your data sheet.   

2:  Remove the three berel pipet from your chemical container kit and label one berel pipet “T” (titrant), another 

“A” (acid) and a third “W” (water).  

Photo1:  Take a Photo of acid (vinegar) sample you are to analyze  If the sample is a household vinegar sample, show the label of the 

vinegar so it can be identified.  If the solution in your chemical kit, take a photo of the vial.   

 

Calibration of the berel pipet 

3:  The berel pipet labeled with the letter “T” is your titrant pipet.  You are to calibrate the drops of this berel pipet in this 

procedure.  Pour about 20mL of deionized water into a clean glass beaker.  Draw about 3.5 mL into the berel pipet.  

Then add the water into a clean dry 5mL graduated cylinder (or 10mL graduated cylinder, if that was what 

was issued to you) 1 drop at a time.  Count the number of drops that is necessary to reach the 3.00mL mark.  

Recall that to read the volume in the cylinder correctly, you must be at eye level to the meniscus and the 

bottom of the meniscus must be on the 3.00mL graduated line of the cylinder.  Write in your notebook the 

number of drops you counted to reach the 3.00 mL mark.  Pour the water out of the graduated cylinder, dry 

the graduated cylinder and repeat the procedure two more times for a total of 3 trials.  After this calibration 

procedure, dry the graduated cylinder.  In this procedure, you will assume that the size and volume of each 

drop of water is equal to the size and volume of each drop of NaOH solution.  This assumption is valid, since 

the NaOH solution is at a low concentration.  At less than 2.0 M NaOH, most of the chemical is water. 

Photo2:  For one of the trials, take a Photo of water in the graduated cylinder clearly showing the 3.00mL volume. 

4:  Remember that for each calibration trial, you added drops to the 3.00 mL mark.   Add the total drops for the three trials and divide 

by 9mL.  This is the number of drops necessary for 1.00mL.  Show your calculation in your notebook as well as the result of your 

calculation. 
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Recording solution information 

Step 5:  If you are analyzing a vinegar sample, (not an unknown) read the label and record the weight/volume 

concentration of acetic acid in the vinegar solution. 

Step 6:  You are to test the pH of the vinegar solution with Hydro-ion paper (also 

referred to as the test-strip).  Pour about 5 mL of the vinegar into a clean dry 

beaker.  Clean and dry your glass stirring rod, then stirring dip the rod into the 

vinegar solution and then transfer a drop to the Hydro-ion paper.  All you need to 

worry about is that a small portion of the Hydro-ion paper samples the vinegar solution so that the Hydro-ion paper is wet.  Record 

the pH of the solution in your notebook. 

Photo3:  Take a Photo of result of the hydro-ion paper test.  Clearly show the hydro-ion paper next to the colored scale shown above. 

Step 7:  If you have not already done so, remove the NaOH (titrant solution) from the baggie and then record the concentration in 

your data sheet as written on the label for the NaOH titrant solution.   

 

B. Titration 

Titration of Vinegar  (prepare these samples in triplicate 

Step 8:  Pour approximately between 1.90 mL of vinegar into the clean dry graduated cylinder from step 3.  Using 

the berel pipet with the label “A”, add more vinegar solution dropwise so the volume is precisely 2.00 mL.  Pour 

the content of the graduated cylinder (vinegar) into a clean 18 x 150mm test tube. The test tubes you are to use 

should be the largest in your equipment box.  The test tubes should be able to contain a volume of 15 mL or more.  

Rinse the inside of the graduated cylinder with 0.5mL deionized water and add this washing with the 2.00 ml 

vinegar solution.  Set this aside.  Do not use tap water in any of the procedure in this experiment. 

Step 9:  Repeat step 8 for the other two vinegar solution trials.  Label these test tubes, 1, 2 and 3.  Note that the total volume in each 

of the three test tubes should be approximately a quarter (or less) of the total volume capacity of that test tube.  Note that if you 

only have one large test tube that can hold 15mL or more, then you may have to complete one trial and clean the test tube before 

proceeding to the 2nd and 3rd trial. 

Step 10:  To each of the 3 vinegar solutions in the test tube, add only one drop of phenolphthalein indicator. 

This is very important.  If you forget this step, your experiment will not work. 

 

Step 11:  Using the berel pipet that is labeled “T”, draw about 0.5 to 0.7 mL of NaOH to rinse the inside of the pipet. Tip 

the pipet so that the NaOH coats the inside of the pipet stem and bulb.  Dispense the NaOH in a waste container.  

Repeat this for a second time.  This technique is called conditioning, a technique that coats the inside of glass/plastic 

that will be used to deliver solutions with measured concentrations.  After conditioning the pipet, draw as much 

possible of the NaOH solution in the berel pipet.  First titrate test tube 1.  Counting the drops, add NaOH titrant to 

this test tube one drop at a time.  You can go ahead and quickly add the first 35 drops and then pause to stir the vinegar 

solution with a clean dry glass stirring rod so that the NaOH is allowed to mix thoroughly.  If there are any NaOH drops 

along the side of the test tube, this will be shown as a magenta color.  Using your berel pipet labeled “W”, draw up some 

deionized water and rinse the side of the test tube with this water.   Remember that at this point the amount 

of water added to the test tube will not change the moles of acid that was originally present.  Try to use a 

minimum amount of water when washing down the residual NaOH solution along the wall of the test tube. 

Continue to add NaOH solution to the test tube drop wise (counting only the drops of NaOH solution added 

to the vinegar).  As the endpoint approaches, the pink color will persist for a longer period.  Use the glass stirring rod to 

mix the solution.  When the pink color persists for more than 1 minute then you have neutralized the acid completely (endpoint).  

Record the number of drops required to reach the end point. 

 

https://www.istockphoto.com/illustrations/litmus-test
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NOTE:  While adding the NaOH solution, you will see the formation of temporary pink "clouds" in the vinegar solution.  As this pink 

coloration begins to take longer and longer to disappear, slow the rate of addition of the NaOH, adding one drop at the time so 

before the mixing to make sure you have not gone past the endpoint. The endpoint of the titration is reached when one drop of 

the NaOH solution changes the vinegar solution from colorless to a pale, pale pink that permanently remains even after mixing 

and swirling the solution. 

 

Step 12:  Repeat step 11 for the second and third trials.  These are the vinegar solution labeled 2 and 3.  Record the drops of NaOH 

titrant solution necessary to reach the endpoint for each trial.  The results for second and third trial should be close to each other.  

You will convert drops to milliliter in the calculation section below.   

Step 13:  If you have time and enough NaOH(aq) titrant, repeat Steps 8 - 11 until you have three titrations that agree within 0.50 ml to 

each other.  

Photo 4:  Take a Photo of all three acid (vinegar) samples at the endpoint of the titration.  The solutions should be pink or magenta to 

demonstrate the color has reached the endpoint in the experiment.  (Once you complete the titration of one, you can pour the 

solution to a second test tube and save so you can take a photo of all three results) 

 

Clean up and reflection. 

Step 14:  Clean your work area and pour the solutions you created in this experiment into your waste container.  Pour any excess 

residual chemicals also in the waste plastic bottle container.  Any unused chemicals should remain in their original container kit and 

reseal. Be sure to turn in these chemicals to Miramar College at the end of the term for proper disposal.  

Step 15:  In your lab notebook, write a detailed summary of what you did in this experiment as part of your observations and data. 

 

Calculations of the Molarity of the Acid.  See Table V below. 

Show your calculations in the space provided in Table V.  You will lose points if your work is not clear.   Calculate average volume of 

NaOH used in the titration for the 3 trials and record the volume in mL.  Next convert the average volume from mL to L. 

 

Use the concentration of the NaOH, see Table III, to calculate the average number of moles of NaOH used in the titrations.  

Remember that the number of moles of acid is equal to the number of moles of base at the endpoint of the titration.  Your answer 

for the number of moles of acid will be the same as the number of moles of base used. 

To calculate the molarity (moles/liter) of the vinegar, divide the moles of acid by the volume (in liters) of vinegar that was titrated.  

This volume is found in Table III. 

 

 

Please submit the following photos with your Datasheet (showing your ID in all the pages you submit)- 

Photo1: Take a photo of acid (vinegar) sample you are to analyze.  If the sample is a household vinegar sample, show the label of 
the vinegar so it can be identified.  If the solution is given as part of the chemicals, you were issued and is in the vial, take 
a photo of the vial with the vinegar.   

Photo2: For one of the trials, take a Photo of water in the graduated cylinder clearly showing the 3.00mL volume. 

Photo3:  Take a photo of the hydro-ion paper test after testing with vinegar.  Clearly show the hydro-ion paper next to the colored 
scale to the hydro-legend (scale). 

Photo4: Take a photo of all three acid (vinegar) samples at the endpoint of the titration.  The solutions should be pink or magenta 
to demonstrate the color has reached the endpoint in the experiment.   
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13Lab | Experiment 09:  Titration of Vinegar, Data Sheets 

Last Name________________________First_________________________   ____ / _____ pts 

You must show calculation wherever the datasheet directs. 

 

I  Acid (Analyte) Information 

Ia. Description / Brand of Vinegar  

Ib. pH of Vinegar sample  

 
 
 
II.   Calibrate your “T” Berel pipet with water: 

  Using your berel pipet, count the number of drops of water necessary to fill a 5mL graduated cylinder to the 3-mL mark. 
 Titration #1 Titration #2 Titration #3 

IIa. Number of drops to reach 3 mL 

   

IIb. Average to reach 3.00 mL. 

Show calculations in box. 
 

 

IIc. Number of drops per 1-mL 

Show calculations in box. 
 

 

 
 
 
 
III   Vinegar Sample Preparation 

IIIa. Weight/Volume % of Vinegar 

(This will either be 5.00% or 10.0% by weight) 

 

_____  % 

IIIb. Volume of Vinegar per trial 

Recommended 2-mL for each trial 
 

IIIc. Molarity of NaOH (M)  
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IV  Titration Procedure, Volume of NaOH to reach endpoint.  It is recommended that you use 2.00mL of Vinegar per trial. 
 Titration #1 Titration #2 Titration #3 

IVa.  Initial Volume Acid 

(Vinegar) Analyte (mL) 

2.00 mL 2.00 mL 2.00 mL 

IVb.  Drops of phenolphthalein 
added (1-drop is plenty) 

   

IVc.  Drops of NaOH titrant 
solution to equivalent 
point 

   

IVd.  Volume of NaOH to 
equivalent pt (mL) 

Show calculations in each box 

   

IVe.  pH of the solution after 
reaching end point 

   

 

V: Calculations of the Molarity of Vinegar.  Show complete calculations in each box.  
 

 Calculations Answers 

Va.  Average Volume of 
NaOH (mL) 

  

Vb.  Average Volume of 
NaOH (L) 

  

Vc.  Moles of NaOH 

  

Vd.  Moles of Acetic Acid 

  

Ve.  Molarity of Acetic 
Acid 
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VI  Calculations for Weight/Volume Percent of Acid & Percent Error (include units). Show complete calculations! 

 Calculations Answers 

VIa.  Moles of Acetic Acid  

This is from Vd 

This comes from Table Vd 

 

 

VIb.  Molar Mass of 

Acetic Acid 

CH3COOH 

 

 

 

VIc. Grams of Acetic acid 

titrated 

  

VId. Volume of acetic acid 

titrated (mL) 

This comes from Table IVa 

 

 

VIe. Weight/Volume % 
 

 

 

VIf. Percent Error 

Calculate for both 
5.00% and 10.0% 

Calculation for 5.00%:  

Calculation for 10.0%:  

 

Please submit the following photos with your Datasheet- 

Photo1: Take a photo of acid (vinegar) sample you are to analyze.  If the sample is a household vinegar sample, show the label of the 
vinegar so it can be identified.  If the solution is given as part of the chemicals, you were issued and is in the vial, take a photo of the 
vial with the vinegar. 

Photo2: For one of the trials, take a Photo of water in the graduated cylinder clearly showing the 3.00mL volume. 

Photo3:  Take a Photo of result of the hydro-ion paper test.  Clearly show the hydro-ion paper next to the colored scale to the hydro-
legend (scale). 

Photo4: Take a Photo of all three acid (vinegar) samples at the endpoint of the titration.  The solutions should be pink or magenta to 
demonstrate the color has reached the endpoint in the experiment.   

 
 

Please clean up chemicals and Equipment at this point. 

You have reached the last experiment.  Please follow the instructions below to help us recover the important supplies and so that we 

can dispose of waste chemicals properly.  Not following these guidelines will reflect on your lab technique score. 

It is important to make sure all chemicals used and unused are separated from the equipment in different plastic baggies.   

1. Place all liquid chemical waste in an empty plastic bottle and secure the lid. Write your name CSID and instructor's name on the 

bottle or a label attached to the bottle.  

2. Take the unused chemicals and place them in a clean quart-size baggie. Make sure the baggie is moisture free. 

3. Clean all equipment and separate the KLM supplies from the Miramar College supplies/equipment. 

4. For the Miramar College supplies, separate the plastic equipment (Berel pipet, weighing boat, straw) from the other metallic 

supplies and place them in a quart-size baggie.  

Take the remaining supplies and ensure all metal equipment is clean and dry. If the item is damaged, indicate so with a sticky note. 

Next, place these items in another clean empty quart-size baggie.  

5. Write your name, CSID, and instructor's name on an index card and place it in the gallon-size baggie. 

6. Secure the gallon-size baggie containing the three smaller baggies and bring these to Miramar on the final exam day.   

7. Drop off these items in the designated supply drop box per directions your instructor will give you on the day of the final exam. 
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13Lab | Experiment 09:  Titration of Vinegar, PreLab 

Last Name________________________First_________________________   ____ / _____ pts 

 
Prelab Questions 

Note that these questions may be slightly different from those found in Canvas assessment.  Numerical questions will have 

different values, but the concept of the question is the same and if you can answer these questions here with the given data, then 

you can use a similar strategy in solving the problems in Canvas using different numbers. 

 
1.  Phenolphthalein is one of the most common chemical indicators used to test acidity or basicity. What is the color of a solution 
that contains two drops of phenolphthalein in acidic solutions?  What is the color in basic solutions? 
 
 
 
 
 
 
2. a)  What does “pH” mean?   
      Please read the lab manual to make sure you use the right definition. 

 
 
 
 
 
   b) What is the pH of a neutral solution for water at 20°C?   
        Assume Kw = 1.00e-14 
 
 
 
 
 
3.  If a solution contains 0.0100 mole of HCl in 10.0 L of solution - 
      a)  What is its molarity?   
 
 
 
 

     b) What is the H+ ion concentration for this solution?   
 
 
 
 
    c)  What is the pH for this solution?   
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4.  a) What relationship exists between H+ ion concentration and OH- ion concentration?  
 
 
 
 
 

    b) What is the OH- concentration of an aqueous solution with the H+ concentration of 1.00• 10-4 M?   
 
 
 
 
 
   c)  Calculate the pOH of the concentration in 4b. 
 
 
 
 
 
 
5.  How many pH units change are usually required for an indicator to undergo a color transition?   
 
 
 
 
 
 
6.  What are the colors and the transition pH for methyl red, bromothymol blue, and alizarin yellow?  
 (Google “Acid-Base indicator" to find a chart of common indicators)  
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13Lab | Experiment 09:  Titration of Vinegar, Post Lab 

Last Name________________________First_________________________   ____ / _____ pts 

 

Postlab Questions 

1.   The equivalence point of this titration occurs between pH 8.0 and 10.0.  Based on this information and the prelab question, 

which of the following indicator could be used for this experiment.  Check all that applies. 

Go to this link to see the color range for these indicators. 

a)    Alizarin.  b)    Cresol Red 

c)    Bromocresol Green d)    Thymol Blue 

e)    Methyl Orange f)     phenolphthalein 

g)    No correct choice 

 

 

2.  Which of the following household product(s) is/are acidic? Explain why you have selected this/these product(s).  

(Check all that applies) 

a)    Soda Beverage b)    Tomato juice 

c)    Baking soda d)    Windex cleaner 

e)    Aspirin f)    Draino 

 

 

3   i) What was the pH of the Vinegar (See Table 1B) 

 

ii) Calculate the [H3O+] of this vinegar solution. 

 

 

 

 

 

 

4. A 15.0mL volume of 0.0750M NaOH is required to reach a phenolphthalein endpoint in titrating a solution of vinegar sample.  

Calculate the moles (mol) of acetic acid in the vinegar sample. 

 

 

 

 

 

 

 

https://www.carolina.com/teacher-resources/Interactive/acid-base-indicators/tr10647.tr
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5. A vinegar sample contains 2.00e-3 moles of acetic acid.  If a 4.00 g sample of vinegar was used in the titration, calculate the percent 

mass (m/m) % of this vinegar solution.  The molar mass of acetic acid is 60.05 g/mol. 

 

 

 

 

 

 

 

 

 

 

 

 
6.  Complete the following table.  Assume that the solution is 25°C and Kw = 1.00e-14 
 Show calculations for your answer. 

 [H3O+] [OH-] pH Acidic Basic or Neutral 

i.e. 1.00 e-10 1.00 e-4 10.000 Basic 

A 

 

   Neutral 

Use 3 significant figures 

B 

 

  12.450  

C 

 

1.75e-6    

D 

 

 1.38 e-10   
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Appendix A 

Common Conversions 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 

Solubility Rules 
 

 

 

Length SI Unit Meter (m) 
Volume   SI Unit 

Cubic Meter (m3) 
Mass      SI Unit Kilogram (kg) 

1 m = 100 cm 1 L = 1000 mL 1 kg = 1000 g 

1 m = 1000 mm 1 mL = 1 cm3 1 kg = 2.20 lb 

1 cm = 10 mm 1 L = 1.057 qt 1 lb = 454 g 

1 km = 0.621 mi 1 L = 0.264 gal  1 lb = 16 oz. 

1 in. = 2.54 cm (exact) 1 qt = 946 mL  

1mi = 5280 ft 1 gal = 4 qt 1 mole = 6.02 x 1023 particles 

 1 qt = 4 cups Density of water = 1.00 g/mL   @ 4°C 

 1 Fl oz. = 29.57 mL  

Energy   SI Unit Joule (J) R = 0.08206 
𝐿−𝑎𝑡𝑚

𝑚𝑜𝑙 𝐾
= 62.4 

𝐿−𝑚𝑚𝐻𝑔

𝑚𝑜𝑙 𝐾
= 8.314 

𝐽

𝑚𝑜𝑙 𝐾
 

1 calorie = 4.184 J   

   Specific heat water = 4.184 
𝐽

𝑔 ℃
= 1.00 

𝑐𝑎𝑙

𝑔 ℃
 

1 Mole gas = 22.4 L at STP 

Soluble Exceptions: 

All compounds of Li+, Na+, K+, Rb+, Cs+, and 

NH4
+ 

None 

All compounds of NO3
− and C2H3O2

− None 

Compounds of Cl−, Br−, I− Ag+, Hg2
2+, Pb2+ 

Compounds of SO4
2 Sr2+, Pb2+, Ca2+, Ba2+ 

 
These compounds generally do not 

dissolve in water (are insoluble): 
 

Compounds of OH-, S2-, CO3
2− and PO4

3− 
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Solubility Rules, General 
 

Soluble substances with - Exceptions Insoluble substances with - Exceptions 

(NO3
-), (ClO3-), (ClO4

-), (CH3CO2
-)  

None 
(S2-), (CO3

2-), (CrO4
2-), (PO4

3-) Grp1A, NH4
+ 

X- = Cl-, Br-, I- Ag, Hg, Pb (OH-) Grp1A, NH4
+, Sr, Ba, Ca 

(SO4
2-) Sr, Ca, Ba, Hg, Pb S = Soluble - dissolve, no precipitate (aq -phase) 

Alkali & NH4
+ None I = insoluble (or slightly soluble) - does not dissolve, precipitate 

forms. (s-phase) 

 

Solubility Table 
 

 AsO4 
3- Br - C2O4 

2- CH3CO2
- CO3 

2- Cl - ClO3 - ClO4 - CrO4 
2- I - NO3 

- O 2- OH - PO4 
3- S 2- SO4 2- SO3 

2- 

Al +3 I S - S - S S S - S S I I I d S - 

NH4 
+ S S S S S S S S S S S S S S S S S 

Ba 2+ I S I S I S S S I S S s s S S S S 

Bi 3+ s d I - I d d d - I d I I s I d - 

Ca 2+ I S I S I S S S S S S I I I d I I 

Co 2+ I S I S I S S S I S S I I I I S I 

Cu 2+ I S I S I S S S I - S I I I I S - 

Fe 2+ I S I S s S S S - S S I I I I S s 

Fe 3+ I S S I I S S S - - S I I I I S - 

Pb 2+ I I I S I I S S I I S I I I I I I 

Mg 2+ d S I S I S S S S S S I I I d S s 

Hg 2+ I I I S I S S S s I S I I I I d - 

K+ S S S S S S S S S S S S S S S S S 

Ag 
+ I I I s I I S S I I S I - I I I I 

Li 
+ S S S S S S S S S S S S S S S S S 

Na 
+ S S S S S S S S S S S S S S S S S 

Zn 
2+ I S I S I S S S I S S I I I I S I 

S = Soluble in water  I = Insoluble In water (less than 1 g./100 g H2O)  d = Decomposes in water 
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Polyatomic Ions 
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Naming Compounds 
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VSEPR Table 
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Stoichiometry Map 
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Concentrations 
 

 
 
 

pH, pOH, H3O+, OH- Relationship Map 
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Acid-Base Indicator information:  http://chemistry.about.com/library/weekly/aa112201a.htm 
 

 

 

pH Hydro-ion paper indicator 

 
 

 

Cabbage Indicator 

 
 

 

Universal Indicator 

 
 

 

Common Indicators 

 
 

http://chemistry.about.com/library/weekly/aa112201a.htm
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Periodic Table 
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