	1.  Tina the technician needs to make a 2500 Assays worth of citrate buffer to be used in an assay where 200 uL is used in a 1.5 ml reaction.  The final concentration in the assay is 10 mM and you want a pH of 6.1.  She has on hand Citric acid and 1.00 N Sodium Hydroxide solution.   

	Total volume = # assay X Assay Volume 
	
	
	
	
	

	Assays 
	2500
	
	
	
	
	

	volume assay
	0.2
	
	
	
	
	

	mL of buff needed
	500
	0.5
	L
	
	
	

	
	
	
	
	
	
	

	Concentration 
	assayl vol
	assay con.mM 
	Stock vol 
	stock con mM
	M
	

	assay con*assay vol/stock  vol
	1500
	10
	200
	75
	0.1
	

	
	
	
	
	
	
	

	Moles citric acid needed 
	mol 
	H3Citrate MW
	g H3Citrate
	
	
	

	M*V
	0.0375
	192.123
	7.2046125
	
	
	

	
	
	
	
	
	
	

	To get pH 6.1 
	
	
	
	
	
	

	pH=pKa-Log [A-]/[HA] 
	6.4
	
	
	
	
	

	pKa 3
	
	
	
	
	
	

	pH 
	6.1
	
	
	
	
	

	Log[A-]/[HA]
	-0.3
	
	
	
	
	

	[A-]/[HA]=
	0.501187234
	
	
	
	
	

	[A-]=0.501[HA] 
	
	
	
	
	
	

	(A-)+(HA)= .0375 mol
	
	
	
	
	
	

	(using mol as a stand in for M since we have calculated the moles needed for the volume we are using ) 
	
	

	0.501(HA)+(HA)= .0375 mol
	
	
	
	
	
	

	1.501(HA)= 0.0375 mol
	
	
	
	
	
	

	HA=   in mol
	0.024983344
	
	
	
	
	

	A-= (.501)(0.02498) in mol
	0.01251498
	
	
	
	
	

	To get pH 6.1 using NaOH you need to pass completely through pKa's 1 and 2  so:  H3Citrate + 2NaOH ---> Na2Hcitrate  +  2H2O  so you need 2 molar equivalents plus the amount need to get the appropriate ratio around pKa3.   Since you have 0.0375 mol citrate the Equation says you need 2 times that  or 0.075 mol of base to get past pKa 1 and 2 plus .0125 mol to get to pH 6.1  

	0.075 mol+0.0125 mol =0.0875 mol
	
	
	
	
	
	

	since we are using 1 N NaOH  = 1M NaOH

	M*V=mol    or mol/M= vol 
	0.0875/1=
	0.0875L
	87.5 mL
	
	
	

	Fill a 500 ml volumetric flask with 400 ml of distilled water.  While stirring add 7.205 g  Citric acid and 80. ml of 1N NaOH.  Let the system cool if necessary.  Standardize a pH meter to read acid pH and then using the last 7.5 ml of NaOH adjust the pH to 6.1. 

	Remove the stir bar and fill to final volume using distilled water.  
	
	
	
	

	Mix well by inversion.  
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	2.  Patricia the Ph. D. needs to suspend 20 mg of enzyme at a concentration of 100 ug/ml of an a 50 mM phosphate buffer pH7.5 She has on hand Monosodium phosphate and disodium phosphate solid.  b) If she has 100 mM stock solutions of the same how would she proceed

	enzyme divided by concentration will give volume  so 20,000ug/100ug/mL
	200
	mL
	
	
	
	

	50 mM x 0.2 L = 10 mmol 
	
	
	
	
	
	

	pH=pKa+ Log [A-]/HA  
	
	
	
	
	
	

	using pKa 2 for phosphate 7.21 NaH2PO4-->Na2HPO4
	
	
	
	
	
	

	0.31= Log [A-]/[HA]
	
	
	
	
	
	

	[A-]/[HA]=
	2.041737945
	
	
	
	
	

	[A-]=[HA]2.041
	
	
	
	
	
	

	[A-]+[HA]=50mM
	
	
	
	
	
	

	2.041[HA]+[HA]=50mM
	
	
	
	
	
	

	3.041 [HA]= 50 mM 
	mM
	
	
	
	
	

	[HA]=
	16.44195988
	
	
	
	
	

	[A-]=2.041* [16.442]
	33.55804012
	
	
	
	
	

	these are calculated in mM so you need to multiply by volume to obtain the actual moles of material needed

	thus 
	mmol of 
	
	
	
	
	

	for NaH2PO4  16.442mM*.200L= 
	3.288391976
	
	
	
	
	

	for Na2HPO4   33.558mM*.200L=
	6.711608024
	
	
	
	
	

	g = mol * MWT 
	NaH2PO4 *H20 MW
	137.99
	Na2HPO4 MW Anhydrous
	141.96
	
	

	HA in mg
	454
	
	
	
	
	

	A- in mg
	953
	
	
	
	
	

	This makes sense since we are above the pKa there is more base than acid
	
	
	

	
	
	
	
	
	
	

	Procedure:  put 180 ml of distilled water in a 200 ml volumetric flask.  While stirring add 454 mg or Mono sodium phosphate and 953 Disodium phosphate.  Once dissolved check the pH adjust the ph if necessary with phosphoric acid or sodium hydroxide.   Fill to volume with distilled water.    

	
	
	
	
	
	
	

	for the second procedure the solutions contain 1 mM for every 10 ml so you add 32.9 ml of mono basic and 67.1 ml of dibasic solution to a volumetric flash while stirring check the pH adjust by adding the acid forms if its basic the base form if its acidic.  

	Remove Stir bar and  fill to volume with distilled water
	
	
	
	
	

	Mix well by inversion.  
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	3.  Professor Poppleton needs to make a 2 L of 10 mM Tris Buffer pH 8.3.  He has available, solid TrisHCl, Solid Tris Base, 10 N sodium hydroxide, and Con. HCl.

	
	
	
	
	
	
	

	pKa =8.3   
	
	
	
	
	
	

	pKa =pH  will need equal amounts of acid and base.  
	
	
	
	
	

	amount of base = 5 mM*2 L= 10 mmol
	
	
	
	
	
	

	amount of acid = 5mM*2L =10 mmol
	
	
	
	
	
	

	10 mmol *121 = 1.21 g Base 
	Mwt tris base 
	121 g/mol
	
	
	
	

	10 mmol *157 = 1.57 g Tris HCL 
	MWT Tris HCl 
	157g/mol
	
	
	
	

	In a 2 L volumetric flask dissolve 1.21 g of tris base and 1.57 g of TrisHCl in about 1600 ml of water c
	

	Check the pH with a pH meter standardized for base conditions make adjustments with NaOH or HCl 

	Fill to volume after removing stir bar mix well by inversion.   .   
	
	
	
	
	

	
	
	
	
	
	
	
	

	Alternatively add 2.42 grams of tris base to 1600 ml of H2O 
	
	
	
	
	

	Add 0.80 ml of HCl while stirring   
	
	830 ul of con Hcl =10 mM
	
	
	
	

	Measure pH with calibrated pH meter
	
	
	
	
	
	

	make final adjustments with 30ul of con HCl  
	
	
	
	
	
	

	Fill to volume after removing the stir bar.  
	
	
	
	
	
	

	You do not use Tris HCl and NaOH because the resulting solution will be 10 mM in NaCl which may adversely 

	affect your ionic strength.  
	
	
	
	
	
	
	

	4. Grad Student Greg needs to make a 4 L  200 mM NaCl pH 8.0 50 mM Tris buffer to elute his protein from a cation exchange column.  With the above components and solid sodium chloride how would he go about performing the task.
	

	

	To determining mole ratios 
	
	
	
	
	
	

	pH = pKa + log [A]/[HA]
	
	
	
	
	
	

	"-0.3= log [A]/[HA]
	
	
	
	
	
	

	 [A]/[HA]=0.501
	
	
	
	
	
	

	 [A}=[HA]0.501
	
	
	
	
	
	

	 [A] +[HA]= 50 mM
	
	
	
	
	
	

	 .501[HA] +[HA]= 50 mM
	
	
	
	
	
	

	[HA]=50mM/1.501
	
	
	
	
	
	

	[HA]=33.31 mM
	
	
	
	
	
	

	[A-] =16.69
	
	
	
	
	
	

	For Base:
	
	
	
	
	
	

	4.0L*16.69mM*121=
	8078
	mg
	8.08g
	
	
	

	For Acid:
	
	
	
	
	
	

	4.0L*33.31mM*157=
	20919
	mg
	20.9g
	
	
	

	For the NaCl 
	
	
	
	
	
	

	4.0 L *58.44*200mM=
	46752
	mg
	46.8 g
	
	
	

	Place 3 liters of distilled water in an appropriate vessel and start stirring
	
	
	

	Add the 8.08g Tris base and 20.9 Tris HCl and allow them to dissolve 
	
	
	

	check the pH with a probe calibrated to read basic pH add HCl or NaOH to adjust if needed 
	
	

	Add the 46.8 g of sodium chloride and let it dissolve.  
	
	
	
	
	

	Bring the solution to 4 L
	
	
	
	
	
	

	A Stu student added 10 ml of concentrated HCl  to  100 ml of 100 mM Na3PO4. What was the resulting pH

HCl  + Na3PO4-->    HNa2PO4  +   NaCl --> H2NaPO4  + 2NaCl --> H3PO4 +  3NaCl

	Calculate the Moles of HCl  
	10ml x 12.1 M= 120 mmol
	
	
	
	

	Calculate the Moles of Na3PO4 
	0.1L X 100 mM = 10 mmol 
	
	
	
	

	Trisodium phosphate is tribasic so it will consume 3 equivalents of  HCl  30 mmol
	
	
	

	120 mmol - 30 mmol = 90 mmol of acid left in 110 ml of solution.  
	
	
	
	

	90 mmol H+/.110L = 820 mM or 0.82 M
	
	
	
	
	

	ph =- log of [H+] 
	
	
	
	
	
	

	 - log (0.82)=  pH= 0.09   very acidic 
	
	
	
	
	
	

	(I made an order of magnitude error when I wrote this up try adding 1 ml of acid and doing the calculation.) 

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	A Sally student dissolved 10 grams of NaH3C2O2 in 200 ml of water what is the pH of the solution   
	

	Need to use Kb expression 
	
	
	
	
	
	
	

	Kb=[OH][HA]/[A-]
	
	
	
	
	
	
	

	assumption from initial state any OH is = to HA and comes from A- 
	
	
	
	

	For first round the expression is Kb=[HA]^2/[A-]
	
	
	
	
	
	

	You can then substitute back into the system and repeat the process 
	
	
	
	

	the Kb for Acetic acid can be determined from the 10^14/Ka= 5.6x10^-10
	
	
	
	

	[acetate] = [(10/82)/.200]= 
	0.610
	M
	
	
	
	
	

	so ((5.6X10^-10*0.610))^0.5= HA=-OH
	1.85E-05
	 =[OH]
	
	
	
	

	this is a small fraction of 0.610 so it will not really change the concentration of acetate so no need to repeat

	H+= 1E -14/1.85E-5
	5.41E-10
	
	
	
	
	
	

	pH=- log 5.4054E-10
	9.27
	0
	
	
	
	
	

	
	

	
	

	Then Sally hands it to her professor who adds 1 ml of 1 M  HCl with his pipette.  What  is the resulting pH? 
	

	Be cause HCl is a strong acid it will convert and equivalent of acetate to the corresponding acid  since we will know the ratio of A-/HA we can use pH=Pka+ log [A-]/[HA]  
	

	1ml x 1M HCl = 1mmol
	
	
	
	
	
	
	

	1mmol/0.2 L = 5 mM 
	
	
	
	
	
	
	

	610 mM -5mM = 605mM 
	
	
	
	
	
	
	

	pH = 4.75 + log [650]/[5]
	5.31
	 =pH
	
	
	
	
	

	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	

	A Robbie the Research scientist prepares 100 mLs of a solution of 100 mM of Tris HCl.  What is the pH?  Calculate the pH when the  scientist adds 100 ul of Concentrated HCl.
	

	similar to the sally problem we us Ka and set the A- and H+ concentrations =
	
	
	
	

	
	
	
	
	
	
	
	

	Ka=5.01x10^9
	
	
	
	
	
	
	

	((5.01*10^-9)*(.100))^0.5=H+
	2.24E-05
	 =[H+]
	
	
	
	
	

	10^-5 is much smaller than 10^-1 so we do not need to recalculate.
	
	
	
	

	pH=-log(2.24*10^-5)
	4.65
	 =pH
	
	
	
	
	

	0,0001Lx12.1= 1.21X10-3
	
	
	
	
	
	
	

	this is much greater than 10-5 so the pH =-log of 1.21X10^-3
	
	
	
	
	

	2.91721463
	 =pH
	
	
	
	
	
	

	I actually meant to add base how will this change the calculation?  
	
	
	
	
	


