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Chem 201 Lecture 6 

Summer’08 

Reminder: Test #1 on July 10. Guidelines posted. 

Last time:Equilibria chapt 6 

Today: chapt 27: gravimetry 

Practice gravimetric problems 

(esp. 2 unknowns) 

On Tuesday: titrations 
(1) Gravimetric Analysis: 
- very reliable,  
-"standard" methods in classical analysis 
(takes advantage of ability to measure mass very accurately) 
Basic principle:   
Determine % of substance or element in mixture by reacting it and selectively precipitating the 
product, weighing the precipitate, then relating the amount of precipitate (i.e. product) to the 
amount of reactant (i.e. original amount of element being determined). 
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(2) Criteria for ideal product in gravimetry: 
1) very insoluble 
2) filterable 
3) very pure 
4) of known and constant composition 
(consider each of the above) 
 
(3) Solubility in turn is a function of  
a) temperature 
b) polarity of solvent (e.g. alcoholic DMG) 
c) chemical environment 
 
solubility: usually expressed as  
=  g solute/100 mL or g of solvent 
 
example: solubility of NaCl is 36g/100g H2O @ 20°C 
Relative saturation = (Q-S)/S 
 
 
When rel saturation > 0 , crystals form. 
 
(4) Crystallization: 2 processes occur:   
 

a) nucleation (slow) - rate is more dependent on relative saturation than is   
 

b) particle growth(fast). 
 
  
Gravimetric technique calls for filtration.  So larger crystals are preferred.  Thus to lower 
supersat'n: 
a) raise T 
b) add precipitant slowly with vigorous stirring (in Ni expt, precipitant is DMG) 
c) keep vol of sol'n large. 
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Other way is by chemical means:  Recall that for an ionic substance which is only slightly 
soluble, there is an equilibrium between the solid and soln: 
 
e.g.  AgCl(s) <==> Ag+(aq)  +  Cl-(aq) 
 
Ksp = {[Ag+][Cl-]}/{AgCl(s)} = [Ag+][Cl-]   
 
So, to decrease amount of Ag+ in soln, we can increase [Cl-] (by adding NaCl soln for example)  
"common ion effect". 
 
(5) Digestion:  refers to the process of allowing aggregates to become larger by standing in the 
presence of mother liquor (usually hot).  Increases KE of aggregates to overcome electrostatic 
repulsion.    
 
Electrolyte: an ionic soln.  Usually presence of electrolyte promotes coagulation (aggregation) by 
lessening the electric double layer (shielding effect) 
 

 
 
Read up on terms:  
You are accountable for the terms at the end of chapter 27 
 
a) absorption- penetrating the surface 
b) adsorption - attachment to surface 
c) inclusions - impurities absorbed (random) 
d) occlusions - pockets of impurities adsorbed 
e) coprecipitation - impurities included in the crystallized ppt (eg DMG crystls) 
f) gathering - gathering agent (ppt used to collect a trace) 
g) masking agent - used to prevent co-precipitation of impurities (eg tartaric acid) 
h) peptization - break up of crystals during washing 
i) washing - "rinsing", washing  to remove the impurities,  very important. 
j) igniting (in thermogravimetric analysis) - heat strongly to change composition. 
k) hygroscopic - picks up water from the surrounding air 
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(6) Thermogravimetric analysis involves measurement of mass as function of T. 
 
1) Combustion analysis is often used when a substance can be heated ("ignited") until it 
transforms into a stable chemical structure.   
The basic apparatus:  (below are 2 different examples) 
 
 
 
 
 
 
 
 
 
 
 
 
i.e From (P4O10) & (ascarite) get g H2O & g CO2 
From g H20 --> mol H2O --> mol H 
from g CO2 --> mol CO2 --> mol C 
 
 2) precipitation:   
example: 
 Ag+  +  Cl-  ---> AgCl(s) 
  
 Sample  problem(1):  
A 1.550 g mixture of NaCl and NaNO3 is dissolved to make a 100.0 mL solution.  An excess 
amount of AgNO3 is added and a final dried precipitate weighing 3.100 g is produced.  What is 
the %Cl in the original mixture?  
 
Sample Problem(2) with two components: (Can be solved by 2 simultaneous equations in 2 
unknowns - recall Algebra) 
 
A 1.500 g dried sample contains only NaI and NaBr.  It is dissolved and an excess amt of 
AgNO3 is added.  The dried ppt weighs  2.4782 g.  What is the % NaI in the original sample? 
(note that AgBr and AgI are insoluble) 
 
Other elements are analyzed similarly but sometimes their precipitated form is not the same as 
the weighed form because of the fact that the precipitated from may be hygroscopic & may  need 
to be ignited til it reaches stable form that can be weighed.  
 
Sample Problem(3) with  Ksp: 
 
Consider La(OH)3 (pKsp=18.7).   
a) What is the molar solubility of La(OH)3 in water? 
b) in a solution buffered at pH 10.60?  
 
Sample Problem(4): thermal analysis 
Consider CaC2O4*H2O. 
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When it is heated, what are the products of the thermal degradation of this compound? 
 
First:  (broad between 100 – 200°C)   
CaC2O4*H2O(s)  CaC2O4(s) + H2O(g)  
 
Next: (sharp at about 400-420°C) 
 
CaC2O4 (s)     CaCO3 (s) + ______ 
 
Next: (broad between 700-800°C) 
 
CaCO3 (s)     CaO2 (s) + ______ 
 
Continuation of this problem: 
Suppose we have a 1.00 g ore sample that contains only CaC2O4*H2O and a thermally stable 

solid component. Upon being heated from 400 to 420°C, its mass drops by .028 grams.  What is 

the % CaC2O4*H2O in the sample ore? 
 
 
Lecture 7  
1) Volumetric Analysis (Titrations):  
We’ll encounter terminology like: 

Titration: -analyte titrant  equivalence point indicator titration error

 blank titration primary standard 

standardization  standard solution direct titration  back titration endpoint 

detection 

Kjeldahl nitrogen - protein assay Mohr Titration  Volhard Titration Fajans 

Titration 

 

1a) Just checking: 

 

Consider an aqueous solution formed with pure PbCl2  as the solute. 
 
PbCl2 (s)  Pb2+ (aq)  +  2 Cl-(aq) 
 
Right? 
 
Which equation is true for this solution? 
 

a) 2[Pb2+]=[Br-] b) [Pb2+]= 2 [Br-]  c) [Pb2+]=[Br-] 
 

Answer is ______ 

 
2) In a titration:  
at the equivalence pointt (e.p.)  
 
 #equiv = # equiv  That's the bottom line!   
 
Example:  HCl vs NaOH titration.   
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At e.p.:  
#eq HCl = #eq NaOH 
but # eq HCl = mol HCl  
and #eq NaOH=mol NaOH 
since MV = moles, we can say: 
MHClVHCl = MNaOHVNaOH 
 
(like M1V1 = M2V2) 
 
3) Kjeldahl Titration: Nitrogen analysis of proteins: 
 
Steps: 
(1) solid weighed sample is digested in boiling sulfuric acid.  
  

CxHyOzNw + H2SO4 (H+)  wNH4+ + etc 
 

(2) NH4+ is made basic (NH3) with excess OH-, 
 NH4

++ OH-  NH3 + H2O 
 
(3) NH3 is distilled into a receiver containing known moles of excess HCl.   
 
HClxs + NH3  NH4

+ + HClunrxted 

 
(4) Unreacted HCl is back titrated with standard NaOH to determine mol HCl consumed by 
NH3:    
 
HClunrxted + OH_  H2O + Cl- 
 
mol H+

total – mol H+
reacted = mol NH3  

 
= mol N in CxHyOzNw.   
 
There is an example in the book. 
Go over it. 
 
4) Precipitation titrations:  

 

Consider what happens before during and after the equiv pt: 
       Ksp 

 Say  AB A+  + B-     

 

If Ksp <<<1 , then can titrate A+ with B
-
 

 

Or, B- can be titrated with A+   

 

Titration equation would be (for example): 

    100% 
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A
+
 + B

-
 ---------> AB(s) 

 

Of course, pptn won't occur until the product of [A+][B-] > Ksp. 

 

Example problem:  

 

20.0 mLs of 0.100M Ag(NO3) is titrated with 0.0800M potassium iodide, KI. (note Ksp of AgI = 

8.3x10-17). 

 

Answer the following questions: 

1) What is the equivalence point? 

2) What is [Ag
+
] and pAg

+
 at: 

a) VI- = 0.00mL 

b) After addg 10.0 mLs (i.e.VI < Vep)  

c) At exactly VI = Vep, 

d) At VI >Vep , say, VI=35.0 mLs, 

 

 

Answers to the above questions: 

 

a) What is the equivalence point?   

Relevant equation is:  I- + Ag+  AgI.  It's “one to one”: ie need one mole of I for every 

mole Ag..   

So:  MAgVAg=MIVI = moles =(0.100M)(20.0mL)=2.00 mmol 

==> Vep= MAgVAg/MI= (0.100M)(20.0mL)/(0.0800M)  

Answer: Ve = 25.0 mLs.I- 

 

2) What is [Ag
+
] and pAg

+
 at: 

a) VI- = 0.00mL 

Before adding anything:[Ag+] =0.100 M since AgNO3 Ag++NO3
-.   

And pAg
+
 = -log[Ag

+
] = 1.000 

 

b) After addg 10.0 mLs (i.e.VI < Vep) , [Ag+]=?  (all I- rxs w/ Ag+ to form AgI).   

so [Ag+] = (moles Ag+
remaining)/(total vol) = (moles Ag initially – moles Ag reacted)/Vtot 

=(MAgVag -MIVI)/(VAg+VI) 

= {(.100)(20.0)-(0.0800)(10.0)} 

            {20.0+10.0}  

MAg= (2.00-0.800)/30.0 = 0.0400 M  =>    pAg
+
 = -log(.0400)=1.398 

 

c) At exactly VI = Vep, what is [Ag+]?  

 

Equilibrium case:  AgI  Ag+ + I-   
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    s        s 

Ksp = [Ag+][I-]= 8.3x10-17    [Ag+]2=8.3x10-17 or [Ag+]= 9.1 x10-9 M.   

   

pAg+=-log(9.1 x10-9 )= 8.041  Study this approach carefully.  

 

d) At VI >Vep , say, VI=35.0 mLs, what is [Ag]?   

 

Equilibrium: AgI(s)     Ag+    +     I-  

    s       0.0145+s 

first determine [I
-
]: assume all I reacts except for excess I. 

mmol = millimole  = 10
-3

 mole OK?  mmol I
-
added =0.0800M(35.0mL)=2.80 mmol 

mmol Irxted = mmol Ag
+
   = (0.100M)(20.0mL) =2.00 mmol 

[I-] = (mmolI added - mmolAg)/(20+35)mL 

= (2.80-2.00)/55= 1.45 x 10-2 M.  

at equilibrium:   

[Ag+]=s,  [I-]= 1.45x10-2 +s:  (s)(1.45x10-2 

+s) 1.45x10-2 s=8.3x10-17  

=> s=5.72x10-15.or, we can write: pAg+=-

log(5.72x10-15)= 14.2. 

  

Short cut: Recall Ve = 25.0 mL 

b) When: we add 10 mLs: [Ag]=(0.100)(15/25)(20/30) 

= 4.00x10-2 .pAg+= 1.40 

 

If Add:19 mLs: [Ag]=(0.100)(6/25)(20/39)=.0123M. 

 

5) Titration of mixture will lead to the less soluble one ppting first.  Then the other ppts. If their 

Ksp are sufficiently different, one will ppt almost completely before the second starts to ppt. 


