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Purpose
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]The purpose of this experiment is to obtain the vapour pressures of ethyl acetate in different temperatures, and then find the coefficient of the function,which is the heat of evaporation of ethyl acetate , ∆Hvap,m.


Introduction
[bookmark: OLE_LINK6]According to White and Buchanan (2018), in case of the equilibrium of vaporization,     is equal to     . Thus,                    .       ,   is the chemical 
potential, which also means the molar Gibbs energy.






According to Thomas and Philip (2013), Gibbs energy is related to the entropy (S) and the volume (V) of a system. The equations are , and . Due to the equilibrium state, there is no difference in the driving forces for vapor and liquid, so,, and. After arranging the final one, 





[bookmark: OLE_LINK7][bookmark: OLE_LINK14]. According to White and Buchanan (2018), by using the equation , the Clapeyron equation , was obtained. Assumed that the vapour is ideal, Vm(g) = RT/P. Then, the equation changes to , or . Thus, 
                                 . Eventually,            
          
                      . 


Procedure       
Firstly, we measured eight of boiling temperatures at a variety of increasing pressures. Then, we measured six of boiling temperatures at a variety of decreasing pressures.


Data
[bookmark: OLE_LINK1]Table 1: Raw data for temperature increasing experiment
	Event No.
	Latest: Temperature (K)
	Latest: Pressure (mm Hg)

	1
	295.4891424
	83.23142986

	2
	313.1635272
	196.5877681

	3
	323.2243268
	295.0421757

	4
	330.9957897
	398.0715027

	5
	337.1437564
	501.8231854

	6
	341.8280306
	592.7329889

	7
	346.0399279
	684.6326872

	8
	348.8653468
	753.0156942




Table 2: Raw data for temperature decreasing experiment
	[bookmark: OLE_LINK12]Event No.
	Latest: Temperature (K)
	Latest: Pressure (mm Hg)

	1
	349.1820887
	769.0412894

	2
	345.2581449
	671.0416984

	3
	341.7584312
	594.579009

	4
	337.3550724
	505.0604091

	5
	331.0539195
	400.506109

	6
	324.424448
	308.9542115







Calculation

	Event No.
	Latest: Temperature (K)
	Latest: Pressure (mm Hg)

	1
	295.5 ± 0.1
	[bookmark: OLE_LINK8]83.23 ± 0.1


A. Sample calculation for Ln(p) and 1/T:




P=83.23mm Hg×133.32 Pa/mm Hg=11096.2 (Pa)

[bookmark: OLE_LINK17]± 0.0112 (Pa)

=0.00338422±0.000001145 (K)

Error calculation: 
①Pressure: 83.2 ± 0.1mm Hg = 11096.2 ± 13.33(Pa)


②Temperature:


③Equation of linear regression:
y = -4231.5x + 23.659, R2=0.9995


B.Equation for temperature increasing experiment:

[bookmark: OLE_LINK10]
After using the LINEST FUCNTION in Excel, I got a table:
Table 3: The data sheet for the regression equation of temperature increasing experiment.

	-4231.52246
	23.65887479
	slope
	intercept

	36.74323422
	0.111955756
	e(slope)
	e(intercept )

	0.999547815
	0.01709331
	R2
	e （Y）






e()==





C.Equation for temperature decreasing experiment:


After using the LINEST FUCNTION in Excel, I got a table:
Table 4: The data sheet for the regression equation of temperature decreasing experiment.
	[bookmark: OLE_LINK15]-4170.238196
	23.48089251
	slope
	intercept

	9.007041052
	0.026659537
	e(slope)
	e(intercept )

	0.999981341
	0.001639063
	R2
	e （Y）



[bookmark: OLE_LINK18]
e()==





D. [bookmark: OLE_LINK9]Average of ∆Hvap,m 

 

e(AVG ∆Hvap,m)=







Discussion
The average value of ∆Hvap,m I obtained in the lab is (34.93±0.314) kJ/mol, which is lower than the literature one, (35.60) kJ/mol. The main source of errors was from the uncertainty of the pressure measuring machine. For calculating the ∆Hvap, we used the slope of the ln(P) and 1/T, so the error will be amplified in the results because of the calculation of ln. Also, the uncertainty of temperature measuring generate errors to the result. Due to the small surface of conducting heat, it was hard to distribute heat evenly, so the temperature may have a significant error.
[bookmark: OLE_LINK13]The boiling point will get higher when the intermolecular forces is higher, because each molecules are bound together tightly, so it needs more energy to isolate those molecules. The ∆Hvap,m will get higher when the intermolecular forces is higher, because the high intermolecular forces cause a high energy storage. The vapour pressure will get lower, because intermolecullar forces reduce the vapour pressure.

When the piston is with drawn, the volume becomes bigger. Based on the PV=nRT, since the internal pressure and temperature will not change, so the PV is constant. Thus, when volume becomes higher, the total pressure will reduce, which means some vapour change its state into liquid.
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Figure 2: P vs T, for decreasing temperatrue 
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Figure 3: ln(p) vs 1/T, for increasing temperatrue 
y = -4231.5x + 23.659
R2 = 0.9995
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Figure 4: ln(p) vs 1/T, for decreasing temperature
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