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 The discipline of analytical chemistry consists of qualitative analysis 

and quantitative analysis. 
  
 The qualitative analysis deals with the identification of elements, 

ions, or compounds present in a sample (we may be interested in 

whether only a given substance is present).  
 
 The quantitative analysis deals with the determination of how much 

of one or more constituents is present. 

Qualitative and Quantitative Analysis 



 To simplify calculations, chemists have developed the concept of the mole, 

which is Avogadro’s number (6.022 × 1023) of atoms, molecules, ions, or other 

species. Numerically, it is the atomic, molecular, or formula weight of a 

substance expressed in grams.  

MOLES: THE BASIC UNIT FOR EQUATING THINGS 





moles = g / f.wt  

           = 0.5 / 293.8 = 0.00170 mol 

moles = mmol x 0.001 

(f.wt = 293.8 g/mol) 

(f.wt=159.7 g/mol) 
mg Fe2O3 = mmol x f.wt 



How Do We Express Concentrations of Solutions? 

 Chemists express solution concentrations in a number of ways. We will review 

here the common concentration units that chemists use. 
 

M, N, %,  ppm, ppb, g/L, mg/dL, meq/L 

 Molarity (M) of a solution is defined as the number of moles of solute per liter 

of solution or as the number of millimoles of solute per milliliter of solution.  

M = mole / L 

mole = M x L 

mole = g / f.wt 

M = g / f.wt / L 

g = M x L x f.wt 

M = mmole / mL 

mmole = M x mL 

mmole = mg / f.wt 

M = mg / f.wt / mL 

mg = M x mL x f.wt 



(169.9 g/mol) 

M = g / f.wt / L 

mmole = M x mL 



g/mL = M x f.wt x 0.001 

g = M x L x f.wt 

   = 0.1 x (500/1000) x 142 = 7.10 g 



 Normality (N) of a solution is defined as the number of equivalents of solute per liter 

of solution or as the number of milliequivalents of solute per milliliter of solution.  

N = eq / L 

eq = N x L 

eq = g / eq.wt 

N = g / eq.wt / L 

g = N x L x eq.wt 

N = meq / mL 

meq = N x mL 

meq = mg / eq.wt 

N = mg / eq.wt / mL 

mg = N x mL x eq.wt  

 The equivalent weight is the formula weight divided by the number of reacting 

units.  Table 5.1 lists the reacting units used for different types of reactions 

eq.wt = f.wt / n 

n = number of reacting units 

N = M x n 

■   For acids and bases, the number of 

reacting units is based on the number 

of protons (i.e., hydrogen ions) an 

acid will furnish or a base will react 

with.  
 
■    For oxidation–reduction reactions it 

is based on the number of electrons 

an oxidizing or reducing agent will 

take on or supply.  



 Thus, for example, sulfuric acid, H2SO4, has two reacting units of protons; that 

is, there are two equivalents of protons in each mole. Therefore,  

 We typically use milliequivalents (meq) instead of equivalents 

 In clinical chemistry, equivalents are frequently defined in terms of the number 

of charges on an ion rather than on the number of reacting units.  
 
 Thus, for example, the equivalent weight of Ca+2 is one-half its atomic weight, 

and the number of equivalents is twice the number of moles. 



DENSITY CALCULATIONS—HOW DO WE CONVERT TO MOLARITY? 

 The concentration of many fairly concentrated commercial acids and bases are 

usually given in terms of percent by weight.  
 
 It is frequently necessary to prepare solutions of a given approximate molarity 

from these substances.  
 
 In order to do so, we must know the density in order to calculate the molarity.  

Sometimes substances list specific gravity rather than density.  
 

  M = % x d x 1000 / f.wt 



M = % x d x 1000 / f.wt 



M = % x d x 1000 / f.wt 

M = 0.705 x 1.42 x 1000 / 63 = 15.89 

M = % x d x 1000 / f.wt 

M = 0.37 x 1.18 x 1000 / 36.5 = 11.96 
 

M1V1 = M2V2 

11.96 x V1 = 6 x 100 

V1  = 50.16 

Thus, dilute 50.16 mL of the concentrated reagent to 100 mL 



SOLID SAMPLES 





LIQUID SAMPLES 



µg/mL = 26.7 / 25 x 0.001 = 1070 

mg/dL = ppm / 10  

           = 1070 / 10 = 107 



 Clinical chemists frequently prefer to use a unit other than weight for expressing 

the amount of major electrolytes in biological fluids (Na+, K+, Ca2+, Mg2+, Cl−, 

H2PO4−, etc.). This is the unit milliequivalent (meq).  
 
 We can calculate the milliequivalents of a substance from its weight in milligrams 

simply as follows (similar to how we calculate millimoles): 
 

Convert from ppm → meq/L         meq/L = ppm / eq.wt 

eq.wt = f.wt / n 

= 65.4/2=32.7 

(f.wt = 65.4 g/mol) 

mmole = mg/f.wt (mg/mmol) 



Convert from ppm → g/L             g/L = ppm x 10-3 

Convert from M → g/L                 g/L = M x f.wt 

Convert from ppm → M                M = ppm x 10-3 / f.wt 

Convert from M → ppm                ppm = M x f.wt x 103 

Convert from ppm → mg/dL         mg/dL = ppm/10  

Convert from ppm → meq/L         meq/L = ppm/eq.wt 

Convert from meq/L → ppm         ppm = meq/L x eq.wt 

Convert from mg/dL → meq/L      meq/L = mg/dL x 10 / eq.wt 

Convert from meq/L → mg/dL      mg/dL = meq x eq.wt / 10 

Convert from meq/L → g/L           g/L = meq/L x eq.wt x 10-3 

 The various ways that concentrations of solutions are expressed and 

the relationship between them 



A chloride concentration is reported as 300 mg/dL. What is the concentration in 

meq/L? 

 

 

 

A calcium concentration is reported as 5.00 meq/L. What is the concentration in 

mg/dL? 

 

 

 

 

A urine specimen has a chloride concentration of 150 meq/L. If we assume that 

the chloride is present in urine as sodium chloride, what is the concentration of 

NaCl in g/L? 

meq/L = mg/dL x 10 / eq.wt 

           = 300 x 10 / 35.5 = 84.5  

eq.wt Ca+2  = 40 / 2 = 20 

mg/dL = meq/L x eq.wt / 10 

            = 5 x 20 / 10 = 10 

g/L = meq/L x eq.wt x 10-3 

      = 150 x 58.5 x 10-3  = 8.775 


