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Stoichiometry

• Relationship between 
reactants and 
products

• Quantitative, based 
on conservation of 
mass

• Units are important

• Atoms, moles, mass
http://www.webassign.net/question_assets/tccgenchem2l1/
measurements/images/figure2.png



Stoichiometry

• Mole
• Representation of the number of atoms or 

molecules of an element or compound
• 6.022 x 1023 atoms/molecules
• Often abbreviated mol

• Molar mass = average mass of one mole of a 
element or compound

• Takes into account different isotopes of an element
• Ex. Sodium (Na) = 22.99 Da (g/mol)
• Ex. Ammonium chloride (NH4Cl) = 53.50 Da



Stoichiometry

• Solute = Minor component of a solution

• Solvent = Major component of a solution

• Molarity = moles of solute/total volume, in liters of 
solution

• Ex. 15M Sodium hydroxide (NaOH) = 15 mol/L NaOH = 
600 g/L NaOH

• Normality = mole equivalents of the component of 
interest

• Ex. 1M H2SO4 = 2N H2SO4 where H+ is the component 
of interest



Example

• How much solid Sodium nitrate is required to 
prepare 500 mL of a 2M solution of Sodium 
nitrate?

• Sodium nitrate = NaNO3

• Molar mass = 22.99 Da (Na) + 14.01 Da (N) + 16.00 Da 
(O) x 3 = 85 Da = 85 g/mol

• 2 mol NaNO3 = 170 g NaNO3

• 500 mL / 1000 mL/L = 0.5 L
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Example 2

• How much 14.8 M Ammonium hydroxide 
(NH4OH) is required to prepare 2 L of a 6 M 
Ammonium hydroxide (NH4OH)?
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• Solution 1 is 14.8 M NH4OH

• Solution 2 is 6 M NH4OH
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Volume Measurements

• Three main devices
• Pipets
• Volumetric Flasks
• Graduated Cylinders

• Different grades of glassware
• Generally see Classes A and B
• Class A glassware is meets tighter accuracy tolerances than 

class B
• Methods often specify acceptable classes of glassware

• To Contain vs To Deliver
• TC vs TD or Blowout

• Do not bake volumetric glassware!



Volumetric Measurements

• Reading a meniscus
• Glassware is 

designed to be read 
at the minimum of the 
curve

• Meniscus needs to be 
level with the eye

• If the meniscus is in 
between markings, 
interpolation is 
encouraged https://calaski.files.wordpress.com/2015/09/me

niscus.jpg



Mechanical Pipettes

• Two techniques
• Forward pipetting

• Collect solution 
from first stop, 
dispense to second 
stop

• Standard technique 
for most solutions

• Reverse pipetting
• Collect solution 

from second stop, 
dispense to first 
stop

• Alternate technique 
for viscous or 
foamy solutions



Mechanical Pipettes

• Should be checked for 
accuracy and precision 
quarterly

• ISO 8655 Standard 
provides limits

• Checks need to be 
documented

• Cleaning and 
maintenance as needed

• See Finnpipette Finntip
Good Laboratory 
Pipetting Guide

https://www.labdepotinc.com/admin/uploads/scilogex-micropette-
plus-single-channel-713111087.jpg



Mechanical Pipettes

• Pipette checks and calibrations can be done by a 
commercial vendor or your lab

• Can be tracked in excel

• Can be somewhat complicated



Mass Measurements

• Certified weights should be used for balance checks

• Balances should be calibrated at least yearly

• Balances should be checked everyday prior to use.
• This should be done in the normal weighing ranges for which 

the balance will be used
• i.e. If you are weighing 100 mL water samples, you want to check 

the balance at 100 g

• Balances should also be checked monthly across their 
range

• If a balance is moved or bumped, it needs to be re-
checked



Mass Measurements

• Record of checks 
can be used to 
create tolerances

• Standard 
deviation (σ) of 
previous year’s 
checks

• Mean ± 3σ to 
establish a 
working tolerance

• Easiest to do in 
excel



Minimum Detection Limit

• The method detection limit (MDL) is defined as the minimum measured 
concentration of a substance that can be reported with 99% confidence that the 
measured concentration is distinguishable from method blank results.

• Limit of Quantitation is ~3 times MDL. This should be less than you reporting limit.



Minimum Detection Limit

• Initially, analyze 7 low-level spiked samples & 7 
method blank samples

• Calculate MDL for spiked samples and blanks

• Select the greater of the two

• After the initial analyze two level spikes per 
quarter in which samples are analyzed for this 
method

• Calculated MDL every year based on these spikes 
and the method blanks run routinely 



Minimum Detection Limit



Minimum Detection Limit

• See EPA Document on MDL studies for further 
information

• https://www.epa.gov/sites/production/files/2016
-12/documents/mdl-procedure_rev2_12-13-
2016.pdf



Chemical Safety

• Organization
• Segregation of chemicals

• Separate Oxidizing acids (ex. Nitric acid) from Flammable 
acids (ex. Glacial acetic acid) from mineral acids (ex. 
Sulfuric acid)

• Bases should be stored separately

• Flammable should be stored in a flammables cabinet

• Oxidizers (ex. Bleach & Hydrogen peroxide) should be 
stored away from flammables and reducing agents

• Store chemicals at or below eye level
• Secondary containment for liquid chemicals



Chemical Safety

• Safety Data Sheets
• Required by OSHA to have SDSs for every 

chemical in the lab
• Must be manufacturer specific
• Can be digital or hard copy

• Mark all chemical containers with date received 
and date opened

• Mind expiration dates, if chemical has no 
marked expiration, 5 years is a good lab-
assigned option



Chemical Safety



Accident Preparation

• Spill Kits
• Spill kits for various types of accidents

• Acid, base, formaldehyde

• Silver shield gloves, do not breakdown overtime like 
latex or nitrile

• Safety Showers & Eyewash Stations
• Should be checked at least monthly

• Cannot be obstructed



Lab Dress

• Safety glasses or googles at all times in the lab

• Lab coats to prevent splashes

• Pants and non-permeable shoes

• Face shield and apron is there is a potential 
splash hazard

• Keep an extra change of clothes at work



Documentation

• IF YOU DON’T HAVE A RECORD, IT DIDN’T 
HAPPEN!

• Records of reagent preparation and use
• Log when a reagent was prepared, what chemicals were used 

(Manufacturer, lot #, etc)
• Log what reagents were used in a particular test

• Troubleshooting issues later
• Tracking down contaminants



Documentation

• Deviations from SOPs

• Lab accidents

• Unusual events that may affect testing

• Document instrument installation, 
maintenance, instrument functionality issues, 
decommissioning

• Log important environmental conditions
• Time, temperature (ex. room temperature for BOD)



Documentation



Documentation

• Records of analysis
• Who did what and 

when
• Quality Control
• Supporting 

information (ex. pH 
for BOD)

• What was reviewed, 
• Lots of other 

information



Documentation

• Documentation is important
• Can you remember exactly what happened? One 

week ago? One month? Five years

• You need proof, generated at the time not 
retroactively

• No one is going to just take you word for it.



Time for a Quiz!



Questions?

Dustin May
dustin-may@uiowa.edu


