
Molecule(s) of the day 
�Creative minds have been known to survive 

any sort of bad training. - Anna Freud 

�Your theory is crazy, but it's not crazy enough 
to be true.��Niels Bohr 

�Never express yourself more clearly than you 
are able to think��Niels Bohr 

CHEM 316/318 

Chemical Equations (a review) 
Stoichiometry 
Solubility 
Partition Coefficient 

Common Units in Analytical Chemistry 
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Stoichiometry is the branch of chemistry that deals 
with quantitative relationships between the amount of 
reactants and products in chemical reactions. In 
industrial and environmental chemical reactions, one 
chemical is usually present in excess of stoichiometric 
amount required to react with the other: 
 

Stoichiometry (mass limitation to a reaction) 
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!  Find molarity of 37 wt% HCl. 
!  Density of HCl: 1.19 g/mL 

Molarity HCl = 

Mass HCl = 

Stoichiometric Calculations 
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!  Find molarity of 37 wt% HCl. 
!  Density of HCl: 1.19 g/mL 

1.19.103 gSol
L

!

"
#

$

%
&× 0.37 gHCl

gSol
!

"
#

$

%
&= 4.40.102

gHCl
L

€ 

molHCl
L

=
4.40.102 gHClL
36.46gHClmol

" 

# 

$ 
$ 

% 

& 

' 
' =12.1

mol
L

Molarity HCl = 

Mass HCl = 

Stoichiometric Calculations 
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Stoichiometric Calculations 
!  Preparing 0.1 M HCl. 
!  Molarity of concentrated HCl is ~12.1 M. 
!  How many mL of this solution should be diluted to 

make 0.1 M HCl?  

12.1M × xmL( ) = 0.1M( )×1000mL = 8.26mL

M[ ]conc ×Vconc = M[ ]dil ×Vdil



A. Balancing equations: 
Law of conservation of mass: 

 Matter (or energy) is neither created nor destroyed in 
chemical reactions (even radioactive ones) 

 

Chemical equations must always be balanced (number and 
identities of atoms must always be the same on both sides 
of equations) 

 

Reactants " Products 

Chemical Equations 
 

K + H2O " KOH + H2 
H2 + Cl2 " HCl 
CH4 + O2 " CO2 + H2O 

Balanced? 
2K + 2H2O " 2KOH + H2 
H2 + Cl2 " 2HCl 
CH4 + 2O2 " CO2 + 2H2O 

A. Balancing equations: 
1)  Add appropriate coefficients to balance number of atoms 
2)  Make sure coefficients are reduced to their lowest whole-

number values 
 

Chemical Equations 
 

2C2H4 + 2HCl⇒ 2C2H5Cl

C2H4 +HCl⇒C2H5Cl

C2H6 +O2 ⇒CO2 +H2O

C2H6 +
7
2
O2 ⇒ 2CO2 +3H2O

2C2H6 + 7O2 ⇒ 4CO2 + 6H2O

B. Mole relationships and chemical equations: 
The coefficients can be put in molar ratios: 
 

Rusting involves the reaction of iron (Fe) with oxygen to form 
iron oxide, Fe2O3: 
 

4Fe + 3O2 " 2Fe2O3 
What are the mole ratios of the product and each reactant? 
How many moles of iron oxide are formed by the complete 
reaction of 6.2 mol of iron? 
What is the oxidation state of Fe? What about Fe2O3? 

Chemical Equations 
 

3H2 + N2 ⇒ 2NH3

3molH2
1molN2

3molH2
2molNH3

1molN2
2molNH3

Rusting involves the reaction of iron (Fe) with oxygen to form 
iron oxide, Fe2O3: 

4Fe + 3O2 " 2Fe2O3 
What are the mole ratios of the product and each reactant? 
 
 
 
How many moles of iron oxide are formed by the complete 
reaction of 6.2 mol of iron? 
 
 
 
What is the oxidation state of Fe? What about Fe2O3? 

Chemical Equations 
 



Stoichiometry (mass limitation to a reaction): 

More than 80% of ammonia (NH3) made industrially is used 
as fertilizer. 20 Kg of nitrogen and hydrogen react together, 
how much ammonia will we end up with?: 

N2 + 3H2 " 2NH3 
 
What are the mole ratios of the product and each reactant? 
 
How much of what element is unreacted? 

Chemical Equations 
 

Stoichiometry (mass limitation to a reaction): 
N2 + 3H2 " 2NH3 

What are the mole ratios of the product and each reactant? 
How much of what element is unreacted? 

N2 Molar weight = 28 g/mol 
H2 Molar weight = 2 g/mol 
20 kg of N2 = 20x103 g/28 g/mol = 7.14x102 mol 
We need 3 times more H2 than N2 = 7.14x102 mol x 3 = 2.14x103 mol of H2 
So the balanced equation is: 
7.14x102 mol N2 + 2.14x103 mol of H2 " 1.43x103 mol of NH3  
Converting to mass: 
7.14x102 mol N2 x 28g/mol = 20 kg 
2.14x103 mol of H2 x 2g/mol = 4.3 kg 
1.43x103 mol of NH3 x 17g/mol = 24.3 kg 
 
N2 is the limiting reactant and only 4.3 kg of H2 has fully reacted (15.7 kg left) 

Chemical Equations 
 

-   In natural systems, we often assume equilibrium conditions to be 
able to model the behavior of chemical compounds/elements: 

-   Rightly so in many cases (pH of surface waters, acid rain, alkalinity, 
dissolution/precipitation, speciation) 

-   Not so right in other cases (kd - partition coefficients, speciation - 
As, etc…) 

#   So, some fundamental knowledge of theory is needed (science 
is theory laden) to predict behavior of compounds/elements 

#   But some empirical knowledge is also required to verify the 
actual behavior (discrepancy between theory and reality 
"kinetics)  

Chemical Processes 
Classes of chemical reaction: 
1)  Precipitation: processes in which an insoluble solid called 

a precipitate form when reactants are combined in an 
aqueous solution 

AgNO3(aq) + NaCl (aq) " AgCl (s) + NaNO3 (aq) 

2)  Acid-Base: processes in which acids react with bases to 
yield water plus an ionic compound called a salt 

HCl (aq) + NaOH(aq) " NaCl (aq) + H2O (l) 
3)  Oxidation-Reduction (redox): processes in which one or 

more e- are transferred between reaction partners. As a 
result of this transfer the charges on the atoms in the 
various reactants change 

2Cr3+ + 4 H2O + 3/2 O2 ↔ Cr2O7
2- + 8H+ 

Chemical Reactions 



Classes of chemical reaction: 
Precipitation: Reaction in which one of the products is an 
insoluble compound (meaning its concentration is above the 
saturation of the solution) 

MA (aq) + BX (aq) " MX (s) + BA (aq) 
 

Solubility constant: Equilibrium constant of dissolving process 

AaBb $ aA + bB 

Ksp = [A]ax[B]b 

Chemical Reactions 
 

Classes of chemical reaction: 
Precipitation: Silver Bromide precipitation 

Ag+ (aq) + Br- (aq) " AgBr (s) 
 

Experimentally (at 25°C) we can observe that the solution is 
saturated when the [Ag] = 5.7x10-7 M. What is Ksp? 
 

Ksp = [Ag] [Br] 

Chemical Reactions 

Ksp = 5.7x10-7 M x 5.7x10-7 M = 3.25x10-13 M2 

Classes of chemical reaction: Precipitation 
Chemical Reactions 

What is the Ksp of CaCO3 when you know that only ~6 mg will 
dissolve per liter at 25°C? 
Calcium carbonate: Ca2+ + CO3

2- " CaCO3 

Can that explain this? 

Classes of chemical reaction: 
Precipitation: Solubility �guidelines� 
Most compounds that have a cation other than an alkali metal ion 
or that have an anion other than a halide, nitrate, perchlorate, 
acetate, or sulfate ion are insoluble 
Some exceptions  apply: 

Chemical Reactions 



Classes of chemical reaction: 
Precipitation: Examples 
Gout: Urate + Na+ " Sodium urate crystals (low solubility) 

Kidney stones: oxalic acid (C2O4H2) + Ca2+ " calcium oxalate  

Chemical Reactions 

Mixture (intimate combination of substances) can be 
heterogeneous or homogeneous 

A.  Heterogeneous 

Mixing is not uniform and thus has regions of different 
composition 

B.  Homogeneous 

Mixing is uniform " Same composition throughout 

 Solutions and Colloidal suspensions 

 

Solutions 

Kind of Mixture Particle Size Example Characteristics
Solution <2.0 nm air, seawater,

gasoline, wine
Translucent, does
not separate, non

filtrable
Colloid 2.0-500 nm butter, milk, fog,

humic rivers
Often opaque,

does not separate,
non filterable (!…)

Heterogeneous >500 nm Blood, paint,
sediments,
aerosols

opaque or murky,
separation upon
standing, filtrable

Solutions Solubility 
Solubility of compounds in water (or any other solvent) influences 
their dispersal and fate in the environment (water exists in liquid form 
on land, under land, and in the atmosphere). 

Solution of an ionic compound in a 
polar solvent (ie. NaCl in water).  



Solubility 
Solubility of nonpolar compounds in nonpolar solvents: 
�like� dissolves �like� 

NaCl will NOT dissolve in hexane 
But PCBs, triclosan, oil, etc, will! 
Solubility of nonpolar solutes in 
water decreases with size of solute 

Partition behavior 
Partition coefficient: Ratio of a concentrations of a chemical in two 
different phases " organic pollutants - PCBs, PAHs – and fats 
a) how solutes behave with respect to two solvents (polar vs. non polar) 

The partition coefficient is constant for a 
given solute and two specific solvents 
(under constant environmental 
conditions: T & P)  
 
Partition coefficient is dependent on: 
1)  Polarity of solute 
2)  Molecular weight of solute 
3)  Relationship to the polarity of solvents 

Octanol (CH3-(CH2)7-OH)/water partition (imitates lipid/water partition) 

Kow = [C]o/[C]w 
As Kow increases, the �lipophilicity� of a chemical increases 
Kow for various homologous series is related to molecular surface area 
(in a sense " size) 

Partition behavior 

Partition coefficient: Ratio of a concentrations of a chemical in two 
different phases  

Kd = Cs/Cw (linear) 

Chemical partitioning also occurs between water and solid phases in 
a process known as sorption. 
Adsorption: a chemical �sticks� to the two-dimensional surface of a 
solid (higher surface area leads to higher adsorption) 
 

Absorption: a chemical diffuses into a three dimensional solid 
(porosity is important " higher surface area/volume ratio) 
High heterogeneities in sorbents in the environment leading to less 
predictable sorption behaviors of chemicals to solids 

Partition Behavior 



High heterogeneities in sorbents in the environment leading to less 
predictable sorption behaviors of chemicals to solids: 

Kd = Cs/(Cw)n (non linear) 

Values of n range from about 0.6 to 
3.3 but usually lie between 0.9 and 
1.4. (For pesticides n ~1.15). 

Basic Chemistry Review 
Partition Behavior 

The increase in sorption with pH may reflect the stronger sorption of the complex PbOH+ 
than of the free Pb2+ ion. However, saturation of hydroxy-carbonate (hydrocerrusite: 
Pb3(CO3)2(OH)2) prevents further sorption (precipitation occurs)  

However, care needs to be taken when dealing with Kd values. 
These are strongly environment and condition controlled! 

Partition Behavior 

Partition Behavior 
However, care needs to be taken when dealing with Kd values. 
These are strongly environment and condition controlled! 

Formation of Cd-Cl complexes prevents sorption, in addition to competition of 
Na2+ for Cd2+ sorption sites. 

Partition Behavior 
However, care needs to be taken when dealing with Kd values. 
These are strongly environment and condition controlled! 

!  Two-phase model (Arp et al., 2009):  Cs = fTOCKTOCCpw  
!  Three-phase model (Cornelissen et al., 2008a, b):  CS = fAOCKAOCCPW +  fBCKBCCPW

 ηF,BC 


