Experiment 2. Definition of the Ionic Charge of Hydrogen.
Purpose of Work.

Define the ionic charge of hydrogen and compare it with magnitude of the elementary                                          charge.

Devices and Instruments.

Hoffman’s voltmeter, rheostat, source of direct current, milliammeter, switch, connecting wires.

Introduction.
Atom of hydrogen consists of one proton and electron.  If the electron is removed, atom changes into positive ion of hydrogen. The ions of hydrogen are got as a result of electrolysis of aqueous solution of sulphuric acid 
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In the electric field the hydrogen ions move to a cathode. Getting a negative charge from it ions change into neutral atoms, i.e. it occurs the following reaction 
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. The combination of two atoms is a molecule 
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, which educing near the cathode. Negative ions 
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 move to anode, give it its own surplus negative charge and react with water, forming the sulphuric acid and evolving an atom of oxygen 
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. The combination of two oxygen atoms is a molecule 
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, which educing near the anode. When current flows through the electrolyte it occurs the following: one molecule of acid 
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 produces one molecule 
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and one atom of 
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. Consequently, to find one oxygen molecule 
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 near the anode it is necessary to dissociate two molecules of the acid 
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, but it would also evolve two hydrogen molecules 
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 near the cathode. Thus, having the same thermodynamic conditions, the volume of hydrogen near the cathode would be twice as large the volume of oxygen that is evolved near the anode. If to take these gases separately, it is possible to define the number of molecules of any gases that are formed by the electrodes on condition that the parameters of volume, pressure and temperature are known. When the number of molecules of any gas is known, it comes easily to find the number of ions. Next, measuring the charge 
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 that was transferred by the ions, it’s possible to calculate a charge of one ion: 
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Values of charges 
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 are equal and depend on the current strength and passing time of this current through the electrolyte.

Description of an Experimental Assembly and Formula Construction of Calculations.
The Hoffman’s voltmeter is used to divide gases that are educed during the electrolysis. It consists of three communicating vessels, two of which are ending by stopcocks 
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. To every ones are soldered in the electrodes. The third (middle) vessel has a funnel for filling of the vessels with electrolyte.

 Experimental assembly with Hoffman’s voltmeter and the electric scheme are shown in Fig.1. To the point ( is connected a rectifier. Here,
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The vessels with 
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 have scale divisions that allow defining the volume in millimeters, the middle vessel is used for defining of a height of electrolyte column 
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. Hoffman’s voltmeter is filled with the aqueous solution of sulphuric acid. It’s connected to an electric circuit by means of the electrodes. The electric circuit involves rheostat R, milliammeter, switch k and the direct current source (.

When the current flows through the electrolyte, hydrogen accumulates in the vessel with positive electrode and oxygen - in the vessel with negative electrode. These gases force out electrolyte from the vessels with 
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. It would be created pressure in the volume above the level of electrolyte. This pressure is balanced by atmosphere pressure and the pressure of surplus liquid column in the middle vessel with respect to the liquid level in the vessels with 
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. The condition of the balance for the middle vessel and vessel with 
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 (in that vessel is evolved hydrogen) is pressure’s equality:         
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where 
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 the partial pressure of hydrogen, 
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the partial pressure of saturated water steam at temperature of electrolyte, 
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the atmospheric pressure, 
[image: image33.wmf]-

h

P

 the pressure of surplus liquid column of  electrolyte (height 
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).

Current 
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 flows through the electrolyte towards cathode during 
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 seconds. At the same time ions of hydrogen transfer the following charge:    
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The same negative charge would be transferred towards anode by acid residual.

According to the Faraday law, the mass of evolved hydrogen is proportionate to the transferred charge. If the evolved mass of hydrogen is known (every hydrogen molecule consists of two atoms), it is possible to define the number of hydrogen ions:
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where 
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evolved mass of hydrogen, 
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 mass of one molecule 
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The evolved hydrogen mass is calculated from the ideal gas law:
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where   
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mass of one kilomole (
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 - the absolute gas constant,
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 the partial pressure of hydrogen,  
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 the volume of evolved hydrogen,

T – temperature.

By substituting the equation (5) to the formula (4) it is possible to get the number of hydrogen ions: 
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Using the equations (3) and (6), we can get the formula from the equation (1) to calculate the ion charge of hydrogen:
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Mass of one hydrogen molecule is defined as: 
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Using partial hydrogen pressure from (2), we get the calculation formula:
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Thus, in order to define the ion charge of hydrogen using the Hoffman’s voltmeter, it is necessary to measure the volume, the temperature and to calculate the partial hydrogen pressure. Also it needs to measure value of current and the time of flowing it through the electrolyte.  

Procedures.
1. Open vessels 
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. Fill in the voltmeter’s tubes by electrolyte through the funnel of the middle vessel. The air should be completely forced out from vessels.

2. Assembly electric circuit according to Fig.1.

3. 
Close a contact by switch k. Set the necessary value current using the rheostat (current value is given by the teacher). Some minutes later the electrolyte should become saturated of evolved gases. I.e. gas bubbles would pass to air. In that moment, close the vessels 
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 and note the time from the beginning of process.

4. 
Keep the current in steady statement using the rheostat  (time of experiment is given by the teacher). Note the time and break a circuit using switch k.

5. 
The voltmeter has to get cold at room temperature.

6. 
Define the partial pressure of hydrogen 
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 Pa). Measuring the difference of the electrolyte levels h calculate the pressure 
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m.sec-2 - the gravitational acceleration, ( – density of electrolyte (in a given case for 10% electrolytic solution, ( = 1,1.103 kg.m-3. The pressure of saturated water steams is equal
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 an empirical coefficient, 
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 the pressure of saturated water steams at the room temperature (use Table 1). It depends on the concentration of electrolyte. In this case, 
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0,9.  Thus, the partial pressure of hydrogen is defined in the following way:
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7. 
Define the volume of evolved hydrogen 
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 using scale divisions on the vessels 
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8. 
The measured and calculated data enter in Table 2..

9. Repeat experiment no less than 3 times. Calculate averages out of all values. Define the ion charge of hydrogen using formula (8).

10. Calculate precision of measurements using formula:
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11. Write down the final result 
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. Compare it with the value of elementary   charge and draw a conclusion.

Table 1.
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[0C]
	10
	11
	12
	13
	14
	15
	16
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[kPa]
	1,23
	1,31
	1,40
	1,50
	1,60
	1,70
	1,82
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[0C]
	17
	18
	19
	20
	21
	22
	23

	
[image: image79.wmf]T

P


[kPa]
	1,.94
	2,05
	2,20
	2,34
	2,49
	2,64
	2,81

	Table 2.
№

exp.
	I

[A]
	t

[sec]
	T

[0K]
	V

[m3]
	Pat
[kPa]
	h

[m]
	Ph
[kPa]
	Pt
[kPa]
	PH2
[kPa]
	q+
[C]

	1.
	
	
	
	
	
	
	
	
	
	

	2.
	
	
	
	
	
	
	
	
	
	

	3.
	
	
	
	
	
	
	
	
	
	

	4.
	
	
	
	
	
	
	
	
	
	

	Average value
	


Choice set for experiment.

	I

[mA]
	75
	100
	125
	150
	175
	200

	t

[sec]
	At the teacher’s option (within 
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Test Questions.
1. What is the value of elementary charge?

2. What is the effect of electrolytic dissociation?

3. Formulate the first Faraday law.

4. What charge type has the ion of hydrogen?

5. Where would be larger the volume of evolved gases, near cathode or anode? Why?

6. You mix the acid and water. The order of mixture: the first component is acid and water is the second. Why is such order used? 

7. What influence on value of the electrolyte conductivity?

�





- a direction of moving 


   of hydrogen ions,


- a direction of moving


   of ions of acid residuum.





Fig.1.
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