	Sound Bite #
	Visuals
	Text

	1. Animation
	A) Start video with new logo for JoVE Science Education as in Aaron’s centrifuge prototype.   General shots of from making solutions mentioned in the list at the bottom of the script should make the 4 panel backdrop and the new Science Education logo should be used.   

B) Transition to world map view and populate it with close caption graphic insets that have making solutions shots added from the general shot list.   


	Making solutions is an essential procedure involved in virtually all biological and chemical experiments performed across the globe.    


	2. Animation


	Animate the pouring of a salt-like chemical from a weighboat into a 500 mL volumetric flask.  Animate a funnel going into the flask and the the pouring of water from the 250 mL graduated cylinder into the volumetric flask, filling it about halfway.  The funnel is removed, and a stopper comes into the illustration and inserts itself into the flask.  The shaking of the flask is animated and the resulting mixture appears to be water.


	A solution is made up of a substance dissolved in liquid.  The dissolved substance is known as the solute, and the bulk fluid as the solvent.  The resulting homogenous mixture is referred to as the solution.



	3. Animation

	Slowly zoom into the white label on the volumetric flask and animate the scribbling of 1 mol/L NaCl.

  
	Solutions can be described by their solute concentration, a measure of how much solute is present per unit of solution.    

	4.  Animation

	
	Making solutions may be a basic laboratory skill, but proper technique is crucial.  Poor technique can be disastrous for downstream applications, and oftentimes is the difference between a successful or failed experiment.  

	5.  Section Title: 
Making a Solution 

	2129@1:27-1:42 – WIDE shot of talent in lab coat near/gloves hood as she places a mask and goggles on her face.


	The first consideration when making solutions is safety.  It is important to take appropriate precautions, such as wearing gloves and a lab coat, depending on the type of chemicals you are working with.


	6. Video
	Numerous panels pop up with a popping sound playing shots from general solution making list.
	There are many different ways to go about making a solution.  This video will demonstrate the most common way to make a water-based, or aqueous, solution.



	7. Video with Animation
	A) 3975@9:16-9:28 – Shot of lab notebook as talent performs a calculation.  It is not important to see what is being written.  

A) Animate several moles scurrying across the screen based on the illustration of a mole used earlier in the video (with possible scurrying-type sound effect).

B) At top of screen, bring in the “mol equation #3” (TEXT mol (inside mole illustration) = grams solute/molecular weight.    

	First determine the moles of solute you will need to achieve the desired concentration in a given volume of solution (A).  Then covert this value to grams using the molecular weight of the chemical (B).  



	8.  Video
	3923@1:36-1:47 – Talent weighs out the chemical on balance.

	The chemicals can be weighed out using a digital balance and a weigh boat.



	9. Video
	4177@2:41-2:51 – large graduated cylinder is filled with what appears to be milliQ water (although it is not) 


	A graduated cylinder can then be used to measure out a volume of purified water that is roughly three quarters of the final volume of solution.  



	10. Animation

	899 @ 03:41.  

Two erlenmyer flasks side by side: on labeled “tap water” and the other labeled “deionized water”. In the tap water flask, we see particles of solute floating around.   A big red X fades on over flask”
	It is imperative that aqueous solutions be prepared with purified water rather than tap water.  Failure to do so can compromise the quality of not only the solution, but potentially multiple experiments down the line. (B)


	11. Video

	3646@3:13-3:19 – water stirring with stir-bar

	At this point, the purified water should be transferred into a beaker containing a stir bar on a magnetic stirplate.



	12. Video
	3646@3:34-3:41 - chemicals poured from small weigh boat to stirring water solution 

899@3:54 – taking 
	The measured solutes can then be added to the stirring purified water.  Stirring the mixture helps the solute to dissolve.  Applying heat can also be used for this purpose. 



	13. Video
	A) 2874@2:45-2:50 – Talent measures pH of a solution in a 50 mL beaker to 7.4 using pH meter.
After (A) – use a split screen to show (B) and (C).  First bring in (B) as narrated and then (C) as narrated.  After each action in clips are complete, freeze shots to finish narration.

B)  2131@2:13-2:22 – talent adjusts pH with 0.2N NaOH.  Freeze shot at the end of action.
C)  2820@4:03-4:06 – container of HCL as pipette is used to aspirate acid.  Freeze shot at the end of action.
  
	Once all of the solutes have been dissolved in solvent, the pH of the solution can be adjusted using a pH meter (A).  To bring the pH up, add dilute sodium hydroxide to the stirring solution (B).  To bring the pH down, add dilute hydrochloric acid (C).  Be sure to slowly add the acid or base, as the pH can change rapidly.  



	14. Video
	2844@2:43-2:52 – CU shot of stirring solution with pH paper container in the background as talent takes a drop from the solution and applies it to the pH paper, followed by ECU of pH paper where solution was applied.

2844@3:22-3:29 – CU shot of used pH paper on color code of pH paper container showing pH is between 5 and 7


	pH paper can also be used to measure the pH of a solution, however use of a calibrated pH meter results in a more accurate measurement.

	15.  Video
	A) 2283@2:11-2:17 – CU of volumetric flask and graduated cylinder as talent pours the contents into the flask using a funnel

B) 2283@2:55-3:01, CU and then ECU of volumetric flask as it is Q.Sed with purified water.  Bring in TEXT (as narrated):  Quantity Sufficient.  Then, as Q.S is narrated, highlight the Q and S and have all the letters melt away and 

the Q and S come together to form QS.
	The solution is then poured into a volumetric flask using a funnel so that it can be brought up to its final volume (A).  Adding the quantity sufficient to reach this volume is known as Q.S.’ing (pronounced “Que-Ess-ing”) the solution (B).


	16.  Video

	A) 1745@6:28-6:36 - nice zoomed in shot of a small tube volumetric flask being Q.Sed with a clear shot of the meniscus.

B) At the end of the clip, freeze the shot, and bring in a line (or dashes) that go across the bottom of the meniscus, along its lowest point.


	As the solution reaches the final volume, you will notice that the top of the liquid curves where it meets the flask.  This is called the meniscus and is caused by surface tension (A).  In an aqueous solution, the meniscus is concave, and should be read at the lowest point of the curve (B).

	17.  Video
	2283@3:13-3:25 – Talent places the solution in the autoclave, shuts door to autoclave and seals it.   
	When performing biological research, solutions may need to be sterilized before use.  This can be done by autoclaving, which subjects the solution to high temperature steam under high pressure. 



	18.  Video
	1701@4:43-4:52-Sterifiter flask is used to sterilize buffer in hood.  
	Alternatively, the solution can be sterilized by running over a 0.22 micron filter, which will exclude any bacterial cells.



	19.  Section Title: 
Applications 

	Title Slide.  If a title slide on its own is too boring, we can consider having the amateur scientist walk through the screen holding a happy solution flask.
	Now that you have a fundamental understanding of how to make solutions, it’s time to take a look at some commonly used solutions in the laboratory and their applications.



	20.  Video
	Multiple video panels of various physiological solutions.  

2527@1:50-2:12 – 1L of labeled ACSF solution as talent bubbles 95%O2/5% CO2, pH 7.2-7.4, 295-310 mOsm/L through it.

2627@4:04-4:26 – Multiple shots as talent washes oocytes with Ringer’s solution + Calcium.  Labeled containers are in background of shot.
1724@4:46-5:10 – Multiple shots as talent washes cells in PBS.
	In biological research, numerous solutions are designed to mimic physiological fluids.  These solutions are buffered, which means they resist change in pH in a specific range; usually, pH is maintained at about 7.4 to simulate intracellular and extracellular fluids.  


	21.  Video
	A)  1724@3:52-4:06 – CU or 15ml falcon tubes with cell pellet as talent resuspends in 1x PBS.  1L labeled bottle of 1xPBS is clearly visible in the background.

B) 2874@2:45-2:50 – Talent measures pH of a solution in a 50 mL beaker to 7.4 using pH meter – This shot needs to be digitally zoomed into the pH meter itself showing the pH reading come up to 7.4 – if necessary freeze shot at pH 7.4 at end of shot to cover narration.
	Phosphate buffered saline, or PBS, is a commonly used buffer in biological research that mimics physiological pH and osmolarity.  The solution has ion concentrations which closely match those of cells, making it an isotonic solution (A).  PBS is made up of several different salts in water, including salts with phosphate groups that maintain a constant pH in the range of 7.2 to 7.6 (B).  



	22.  Video
	1555@3:26-3:32-6-well plate as talent aspirates medium and adds PBS to the well.  Container of Dulbecco’s PBS is in background of shot.   
	Common uses for PBS in the lab include washing cells, and diluting biomolecules such as protein.



	23.  Video
	2527@1:50-2:12 – 1L of labeled ACSF solution as talent bubbles gas through it.  MED followed by CU.
Alternative shot:  1562@1:47-1:58 – Labeled flask of ACSF as talent places on ice and then bubbles oxygen through it.


	Artificial cerebrospinal fluid, or ACSF mimics the electrolyte concentrations of cerebrospinal fluid.  This solution must be freshly prepared, and the pH, osmolarity, and ionic composition should be carefully monitored to match in vivo conditions.  


	24.  Video
	2527@5:32-5:44 – 1L of labeled ACSF solution as talent pours into the vibratome to slice brainstem, followed by CU of brainstem in the ACSF.

	ACSF is generally used in electrophysiological studies to prepare brain slices and to perfuse them during experiments.  It can also serve as the extracellular solution during patch clamp measurement.

	25.  Video
	2627@4:04-4:15 – Multiple shots as talent washes oocytes with Ringer’s solution.  Labeled containers are in background of shot.

	Ringer’s solution is an isotonic saline solution with a balanced pH used in biological research.  It is commonly used in in vitro experiments with organs and tissues. 

	26.  Video  with Animation/Graphics
	Multipaneled graphic of general solution making shots.  Then have the following pop up in each panel as narrated and then go to freeze frame.

A) Animation mol equation #3 from #7

B) Shot of meniscus with dotted line from #16  

C) Shot from #18 (1701@4:43-4:52-Sterifiter flask is used to sterilize buffer in hood).  
D)Shot of bubbling ACSF solution from #23
	You’ve just watched JoVE’s introduction to making solutions.  In this video we reviewed how to make a solution from start to finish… including how to determine the required amount of solute (A), how to properly Q.S a solution (B), and methods of sterilization (C).  We also reviewed some common solutions as well as their applications in biological research (D).  



	27.  Animation/Graphics
	Graphic of Einstein holding a flask.   
	Thanks for watching, and remember to always use proper technique when making solutions.


Good general shots of making solutions for transitions, general statements.

1431@6:33-6:46 – MED shot as talent places large beaker containing dry solute onto a stirring plate and motions to pour a large graduated cylinder filled with water into it.

1431@6:47-7:00 – CU shot of large beaker with dry solute as talent pours water in and begins to stir solution.

1431@7:01-7:14 – CU shot of large beaker as more solvent is added, followed by blue dye, followed by more solvent.

1431@ 7:18-7:30 – MED and CU shots as talent fills a graduated cylinder with solution and Q.Ses it.

2283@2:00-2:17 – CU shots as talent weighs our solute, pours into volumetric flask and then a graduated cylinder is used to pour the contents into the flask using a funnel.

2283@2:18-2:54 – CU shots of talent adding chemicals from various weighboats to a flask and then shots of various labeled liquid solutions.

2283@2:55-3:12 – Talent Q.Ses a volumetric with purified water and adds to Erlenmeyer flask

3646@3:34-3:51 – Talent adds salt and then silk fibers to a beaker filled with stirring water.

3646@4:30-4:53 – various shots of a small beaker used in making a solution
2129@4:00-4:22 – solute is weighedgraduated cylinder is filled and then poured into a volumetric flask with the aid of a funnel.
2129@1:49-2:17 – Multiple shots of the solution making process as talent prepares serial dilutions.

2874@2:22-2:49 – Multiple shots as talent prepares a solution in a large volumetric flask using MilliQ water, bubbling gas through, and pHing at the end.

2196@3:27-3:51 – Multiple shots of talent filling graduated cylinder and filtering solution

2196@3:52-4:19 – Multiple shots of talent filtering solution.

2196@4:20-4:40 – Multiple shots of Q.Sing solution and aliquoting it.

3061@1:19-1:43 – Micropipette is used to fill microfuge tube and tip is ejected, twice.
2754@3:14-3:26 – Serological pipette is opened from package and attached to pipettor.

1569@2:46-3:06 – Serological pipette is used to make a solution.
3923@1:33-1:54 – Talent weighs out the chemical on balance, adds to flask, and adds water.
1745@6:12-6:36 - nice zoomed in shot of a small tube volumetric flask being Q.Sed with a clear shot of the meniscus.

2527@1:50-2:12 – 1L of labeled ACSF solution as talent bubbles 95%O2/5% CO2, pH 7.2-7.4, 295-310 mOsm/L through it.

