
Effects of Elec tro lytes on the Rates and Equi lib ri um Constants of Ionic Re ac tions� � � � � � �  
1.Motivation According to the collision theory, the rate of a chem i cal re ac tion is � � � �
in ti mate ly related to the col li sion fre quen cy of particles. Ad di tion of a strong � � � � � � � � �
elec tro lyte will change the ionic at mo sphere sur round ing an ion and di min ish its � � � � � � � �
ef fec tive charge. Thus, the re pul sion or attraction be tween the ions is decreased. � � � � �
Therefore, the col li sion fre quen cy and hence the reaction rate will be changed. In this � � � �
project, I stud ied how the elec tro lyte af fects the rate and equi lib ri um of ion ic � � � � � � � �
re ac tions in solution. � � 2.Objectives (1) To find the relationship be tween the reaction �
rateand the salt concentration. (2) To study how ionic strength af fects the reaction rate �
using Arrhenius equation. (3) To investigate the effect of salt on the equilib- rium of ion ic �
reactions3.Experimental (1) Apparatus:Gmagnetic stirrer, elec tron ic balance, stop watch, � �
flask, pipet, thermometer, beaker, graduated cylinder, test tube, pH meter, uvvis- ible 
spectrophotometer, cir cu lat ing waterbath (2) Materials : Gpotassium iodate, so di um � � � � �
sulfite, sul-furic acid, starch, vitamin C, ferric cyanide, so-dium hydroxide, phenolphthalein, 
sodium thiosul-fate, hydrochloric acid, ace tic acid, me thyl or ange (3) Salts and other � �
molecules¡Gsodium chloride, potassiumchloride, potassium nitrate, calcium chloride, 
magnesium chloride, glucose, fruc- tose4.Methods (1) Effect of ionic strength on the 
re ac tion rate The reaction rates of several re ac tions have been de ter mined atvarious � � � � � �
ionic strength and temperature. The ac ti va tion energy (Ea) and the frequency factor (A) � � �
have also been obtain- ed from the plot of ln k vs. 1/T according to the Arrhenius equation: 
k = A e . Thereactions that have been studied are char acterized into sev er al types: 1.The � �
charges of the reacting species are of the same sign a. Iodine clock reaction Indicator: blue 
starch- I2 b. Reaction of ferric cyanide and vitamin C From:Journal of Chemical Education. 
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c. Reaction of phenolphthalein (H2P) at high pH 2. The charges of the reacting species are of 
the opposite sign Reaction of thiosulfate and acid The absorbance at 500 nm increases as 
sulfur is formed. The reaction rate is ob tained from the plot of ab sor bance versus time. � � �
(2) Effect of ionic strength on chemical equilib- rium The equilibrium constants of several 
re ac tions have beendetermined at various ionic strength and temperature. The standard � �
enthalpy (£GH0 ) and entropy (£GS0 )of reaction are obtained from the plot of ln K versus 
1/T according to the van`t Hoff equation: ln K =-£GH¢X/RT +£GS¢X/R. Two reactions 
have been investi- gated in this study: The equilibrium constants are de ter mined from the � �
measured pH and the known total concentration of acetic acid. 2. Methyl orange The basic 
form and acidic form of me th yl or ange exhibit absorption maxima at 425 and 527 nm, � � �

re spec tive ly as shown in the follow ing figure: � � �  

  For each solution of methyl 
orange (with con- centration C), first measure the absorbance at 527 nm (A1). Then add a 
sufficient amount of HCl to ensure the complete formation of the acid ic form and measure �
the absorbance again (A2). The con cen tra tion of the acidic and basic form are giv en by � � � �
(A1/A2)C and (1 - A1/A2)C, respectively.From the relative amount of the acidic and basic 
form and the measured pH, the equilibrium con stant can then be calculated.� 5.Results (1) 
Effect of ionic strength on the reaction rate 1.The charges of the reacting species are of the 
same sign a. Iodine clock reaction Fig. 1 Effect of adding different salts on the reaction rate 
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2) Effect of ionic strength on chemical equilib- rium 1. Fig. 6 Effect of adding different salts on the dis so ci a tion � � � �

  

Fig. 2 Effect of ionic strength on the
reaction rate b. Reaction of ferric cyanide
and vi ta min C c. Reaction of � �
phenolphthalein (H2P) at high pH The
results of reaction b and reaction c are the
same with that of reaction a . In other
words, the reaction rate in creas es as the � �
con cen tra tion of salt increases 2.The � � �
charges of the reacting species are of the
opposite sign a. Reaction of thiosulfate and

acid 
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of acetic acid    

2. Methyl orange 6.Discussion (1) In the iodine-clock reaction, the reaction rate increases as 
the concentration of salt in creas es and the extent of enhancement depends on the type of � �
salt (Fig. 1). If the reaction rate is plot- ted against the ionic strength, the effect of elec- 
trolyte is in de pen dent of the type of salt used (Fig. 2). The re ac tion rate remains � � � � �
un changed upon ad di tion of non elec tro lyte such as glu cose or sucrose. (2) � � � � � � �
According to the Debye-Huckel theory, the pre- sence of electrolyte will create an 
ionicatmos phere of opposite charge surrounding the ion, thus reducing its effective charge. 
The re ac tion rate is enhanced as the ionic strength increases when the reacting species are � �
of the same sign. This is due to a reduced repulsion between the ions and hence an increased 

col lision frequency.  (3) When ions 
of opposite signs react, an increase in ionic strength diminishes the rate(Fig. 4). This is due 
to the decreased attraction be tween the ions and hence a decreased collision frequency. It is �
also ob served that the high er the charges of the re act ing species, the more prom i nent � � � � � �
is the elec tro lyte effect. (4) The Arrhenius plots are linear and par al lel at various ionic � � � �
strength (Fig. 3 & 5) . These re sults suggest that the activation energy (Ea) is es sen tial ly � � �
unchanged, whereas the frequency fac tor (A) is dra mat i cal ly altered by the addi� � � � � - tion 
of the electrolyte. The ionic atmosphere sur rounding the ion will change its disorder . The 
disorders of the reacting ions and the transition state are affected to a different extent by the 
adding electrolyte. As a result, the activation entropy is al tered upon addition of electrolyte. �
(5) The addition of the electrolyte also has a pro- nounced effect on the equilibrium constant 
of ion ic reactions. It can cause either an in� -crease or a de crease in K depending on the �
number and charg es of the ionic species in the reac tant and the product. For the disso� -
ciation of acetic acid, the equi lib ri um constant increases as the ionic strength in creas es � � � � �
(Fig.6) The ther modynamic equi lib ri um constant (K),which is independent of ionic � � �
strength, is related to the con cen tra tion� � � -based equilibrium con stant (Ka) by: �

, where f is the activity coefficient. Since 
and , the mean activity co ef fi cient of � � �
acetic acid can be estimated by . (6) The 
temperature dependence of K shows lin ear 
and parallel van't Hoff plots (Fig. 7) for 
most ionic reactions at various ionic 
strength. The pres ence of electrolyte alters �

that the activation energy is essentially unchan 
ged, whereas the activation en tro py is drama � �
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the en tro py (i.e., the dis or der of ionic � � � �
species) of reaction dramatically, while the 
enthalpy of re ac tion is nearly unchanged. � �
When a zwitterion (e.g., the acidic form of 
methyl orange ) is involved in the ion ic �
reaction, the elec tro lyte� � -effect (Fig. 8) 
and temperature-de pen dence of K (Fig. � �
9) are more complicated.7.Conclusion (1) 
The reaction rate is enhanced as the ionic 
streng- th increases when the reacting spe 
cies are of the same sign. When ions of 
opposite signs react, an increase in ionic 
strength diminishes the rate. It is also 
ob served that the high er the charg es of � � �
the re act ing species, the more promi nent � �
is the elec tro lyte effect. Moreover, if one � �
of the reacting species is neutral, there is 
es sen tial ly no elec tro lyte effect. (2)� � � � �
The Arrhenius plots are linear and 
par al lel at various ionic strength. These � �
results sug gest �  

    

 

tically al tered by the addition of the electrolyte. �
(3) The addition of the electrolyte also has a 
pro- nounced effect on the equilibrium constant 
of ionic reactions. It can cause either an in-
crease or a de crease in K depending on the �
number and charg es of the ionic species in the �
reactant and the product. (4) The temperature 
dependence of K shows lin- ear and parallel 
van't Hoff plots for most ion ic reactions at �
various ionic strength. The pres- ence of 
electrolyte alters the entropy of reac- tion 
dramatically, while the enthalpy of reac- tion is 
near ly unchanged. When a zwit te ri on is � � � �
involved in the ion ic reaction, the �
elec tro lyte� � - effect and temperature-
de pen dence of K are more � �
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