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Summary/Abstract:


In this experiment, the goal was to obtain the reaction rates for the hydrolysis of aspirin in pure water as well as in 0.01 M Sodium Carbonate and at different temperatures. Furthermore, the reaction rates for the hydrolysis of aspirin were determined for varying Sodium Carbonate concentrations. The values for the reaction rates of pure aspirin at 25ºC, 40ºC, and 60ºC were 0.00005 s-1, 0.0003 s-1, and 0.0015 s-1 respectively. The reaction rates for sodium carbonate solutions at the same temperatures were 0.0002 s-1, 0.0008 s-1, and 0.0047 s-1 respectively. The varying sodium carbonate concentrations at 0.005 M aspirin were 0.00625 M, 0.0125 M, and 0.025 M. The respective reaction rates were 0.0003 s-1, 0.001 s-1, and 0.0021 s-1. The activation energy and Arrhenius prefactor for 0.01 M aspirin in pure water were 1270.629 J/K and 0.016796 respectively. The activation energy and Arrhenius prefactor for 0.01 M aspirin and 0.01 M Sodium Carbonate solution were 1082.40 J/K and 0.03147 respectively.
Objectives/Specific Aims:
Aspirin has exhibited abilities to slow the onset of a heart attack during the early stages.  However, the time required for the body to absorb the dissolved aspirin is extremely critical.  To this end, methods such as dissolving aspirin beforehand in water to drink or in an IV solution to inject have been devised as alternatives.  In these instances, the ability of aspirin to remain stable would be most important.  The overall objective of this experiment is to determine the rate of hydrolysis of aspirin at different temperatures in water and in the presence of sodium carbonate, respectively.  The three specific aims were: 
1. Determine the rate of, the Arrhenius prefactor for, and the activation energy for the hydrolysis reaction of a 0.01M Aspirin solution in water at the temperatures of 25, 40, and 60oC.
2. Determine the rate of, the Arrhenius prefactor for, and the activation energy for the hydrolysis reaction of a 0.01M Aspirin solution in the presence of 0.01M Sodium Carbonate at the temperatures of 25, 40, and 60oC.

3. Determine the rate of the hydrolysis reaction of a 0.005M Aspirin solution in solutions of sodium carbonate concentrations of 0.00625M, 0.0125M, and 0.0250M at 25 oC.

By finding the rate at which aspirin degrades into salicylic acid and acetic acid, the stability of aspirin can be ascertained.  Along with the reaction rate, the activation energy for aspirin hydrolysis as well as the Arrhenius prefactor will be determined for all experimental conditions noted in the specific aims.

Background/Theory:
Source1 details various aspects of myocardial infarction and explains the effect of aspirin as an anti-coagulant in the beginning stages of myocardial infarction

Source2, of a sample lab, describes the composite rate law for the hydrolysis of aspirin, and the conditions necessary for the rate to approach a pseudo-first-order condition.

The information in Source3 on the degradation of aspirin details the use of an Arrhenius equation to find the relation of the rate to the temperature of the solution.
Background information in Source4 on the hydrolysis of aspirin details the reaction on a molecular level.  It also describes the use of buffers to change the pH of the solution, and the effects of pH on the rate of hydrolysis.

Materials and Methods:
· Acutect 500 UV/VIS Detector with a mercury bulb set to 254nm

· Dual Acuflow Series IV Pumps (HPLC), one with deionized water and one with methanol, set to gradient mode at 30/70 water/methanol ratio

· Fisher Scientific brand Sodium Carbonate

· Sigma Aldrich brand Acetylsalicylic Acid

· Sigma Aldrich brand Salicylic Acid

· LabView with lab-specific programs

· Refer to BE 309 lab manual for additional methods and materials

Results:
Measured pH’s: 0.01M Aspirin = 2.590, 0.01M Salicylic Acid = 2.439, and 0.01M Na2CO3 = 10.584.  These values are for a pH comparison of each component involved in the reaction in order to examine the effect of pH on the rate of reaction.

Figures 1 and 2 show an Arrhenius plot in which the ln(k) values were plotted against their respective 1/T.  The slope multiplied by R thereby yielded the activation energy which is 1270.63 J/K (R2 = 0.9902) for 0.01M Aspirin and 1082.40 J/K (R2 = 0.9464) for 0.01M Aspirin + 0.01M Na2CO3.  The values of exp(Y-intercept) are the Arrhenius prefactors for each reaction. Their values are 0.01679 for 0.01M Aspirin and 0.03147 for 0.01M Aspirin + 0.01M Na2CO3.

Table 1 outlines the rate of reactions for the hydrolysis of aspirin and the formation of salicylic acid for pure Aspirin at different temperatures, 0.01M Aspirin with 0.01M Na2CO3 at different temperatures, and different ratios of Aspirin to Na2CO3 at 25ºC.  In these solutions, the initial Aspirin concentration was held constant at 0.005M or at 0.01M, and the temperature was either held constant at 25oC or varied from 25ºC to 40ºC up to 60ºC.  

Tables 2-3 give the integrated peaks of the absorbances of Aspirin and Salicylic Acid, as indicated. In these tables, all values of time reflect the time (in minutes) since creation of the solution. The raw data for the formation of salicylic acid did not always yield peaks at earlier times, yielding insufficient data to obtain reaction rates.

Table 2 gives the integrated areas of the peaks for solutions of varying initial concentrations of Aspirin and Na2CO3, as described for Table 1.

Table 3 outlines the integrated areas of the peaks for solutions of pure Aspirin, at initial concentrations of 0.01M and 0.005M. The two trials of the 0.01M Aspirin solution were started separately, one in week 2 and one in week 4. Additionally, the week 2 0.01M solution and the week 4 0.005M solution were tested against three different temperatures of 25 oC, 40 oC, and 60 oC.
Analysis and Discussion of Results:

Following the objectives of the lab, the hydrolysis reaction rate of 0.01M Aspirin was first investigated in order to calibrate the conditions of the experiment, and then later at different temperatures in order to study, record, and analyze the effect of those temperatures on the reaction rate of the hydrolysis of Aspirin.  Certain conditions found, through observation and calculation, yielded shorter trial times with a flow rate of 1.20 mL/min—which maxed out the flow just short of the maximum allowable pressure, as well as a seventy percent methanol to thirty percent water flow mixture, while maintaining the separate Aspirin and salicylic acid peaks.

The reaction rate for the hydrolysis of the 0.01M Aspirin solution was investigated at the different temperatures of 25ºC, 40ºC, and 60ºC in order to study the effect of temperature on the reaction rate.  Reflected in Table 1, the reaction rate constants for the hydrolysis of Aspirin increased as the temperature increased.  Therefore, temperature does significantly affect the reaction rate of the hydrolysis of Aspirin.  This temperature vs. reaction rate relationship is important in determining and graphing the Arrhenius plots (Figures 1 and 2).

The hydrolysis reaction rates of 0.005M Aspirin and the reaction rates of the formation of salicylic in solution with sodium carbonate concentrations of 0.025M, 0.0125M, and 0.00625M at 25oC were respectively determined for the raw collected data and for the conditioned data (Table 1).  As one aspirin (acetyl salicylic acid) molecule is hydrolyzed, one salicylic acid molecule is formed, reflected in the hydrolysis reaction shown in the lab manual.  Also, as the environment in which the aspirin hydrolysis reaction is occurring becomes more basic, both the rate of reaction of the hydrolysis of aspirin and the formation of salicylic acid increase (Table 1).4

Since the aspirin hydrolysis’ reaction rates both in the presence of sodium carbonate and in deionized water are important, it is just as important to understand how at which these reaction rates were arrived.  After gaining confidence in the obtained concentrations, discussed later in this analysis, a mass balance was set up in order to determine how the integrated areas under each recorded peak of data corresponded to the actual amount of each component present in the solution when the data was recorded.  Through testing and calibration it was determined that only two of the reaction components appear in the HPLC analysis at 254 nm wavelength.  It was shown that the first peak represented the amount of unhydrolized aspirin in the solution and that the second peak represented the amount of formed or all ready present salicylic acid in the solution (Tables 2 and 3).  Futhermore, from the equation ln[Asp] = ln[Asp]0 – kt, (Eq. 1), graphs of ln[Asp] vs. t were plotted, where the slopes were the reaction rate constants (Table 1).  By understanding the reaction rates and the conditions which affect them, from an engineering and scientific viewpoint, it will be easier to maintain a predissolved solution stock of Aspirin, which is unhydrolyzed and ready for administration for patients, such as those suffering from myocardial infarction.

Sodium carbonate (Na2CO3) was also run through HPLC by itself in a 0.01M solution in order to determine whether or not it yielded a peak at 254 nm of wavelength.  After waiting long enough so that the Na2CO3 had run through the column and seeing that no peak appeared as a long flat line of data was collected, it was concluded that sodium carbonate yields no peak at 254 nm.  Table 2 also reflects the integrated areas pertaining to the hydrolysis of aspirin in the presence of variable concentrations of sodium carbonate, and Table 3 reflects those values in reference to just Aspirin but at different temperatures.  Table 2 also lists those areas necessary to satisfy the second specific aim of the lab listed in the lab manual, in which a mixture of 0.01M Aspirin and 0.01M Na2CO3 is investigated in the same manner as the 0.01M Aspirin was for the first specific aim of the lab.  For the later 0.005M Aspirin/0.025M Na2CO3 10100 minute (1 week 10 min.) reading, both the raw and conditioned areas of the first peak for Aspirin were integrated to be zero, reflecting that the end point of the reaction was reached before this recorded time.  Therefore, these values may not be used to determine the reaction rate, since the time may not be an exact value of when the reaction actually terminated.

Activation Energy and the Arrhenius prefactor were found after graphing the natural log of the reaction rates, ln(k), vs. the inverse of the temperature, 1/T. (Figures 1 and 2).  In the equation K = A*exp(-Ea/RT), (Eq. 2), K represents the reaction rate constant, A is the Arrhenius prefactor and Ea is the activation energy.  Another plot of ln[k] vs. 1/T was plotted and the slope multiplied with R was determined to be the activation energy and exp(Y-intercept) would be the Arrhenius prefactor.3  The Arrhenius prefactor and the Activation Energy for the hydrolysis of 0.01M aspirin were found to be 0.01679 and 1270.63 J/K.  For the 0.01M Aspirin / 0.01M Sodium Carbonate solution, the Arrhenius prefactor and Activation Energy were found to be 0.03147 and 1082.40 J/K.  Logically, due to a more basic reaction environment, the activation energy for the Aspirin hydrolysis reaction in the presence of the sodium carbonate is lower than that for the Aspirin hydrolysis reaction without sodium carbonate present.

The difference between the raw and conditioned data was initially investigated, since there seemed to be a non-linear amplification relationship.  In order to compare the raw and conditioned values, a graph of raw vs. conditioned data was generated and continually evolved over the lab as more data was collected.  A best fit line, of y = 4.968x + 0.4453 was generated with an R-squared value of 0.9943, showing that there is in fact a linear amplification relationship between raw and conditioned data.  The y-intercept of this graph reflects the uncertainty of the conditioned values when they are converted from their raw data counterparts.  The reaction rates for the hydrolysis of aspirin obtained from both the raw and the conditioned data yielded similar reaction rates further reflected that there was a consistent linear amplification relationship between the raw and the conditioned data.


To ensure that the concentration of any standard solution is what it is thought to be, especially since there may be problems dealing with the solubility of a solute, such as Aspirin, in the solvent, one must be sure to allow all of the particles of solute enough time for ions to dissociate into the solution.  In order to check whether or not all of the particles do actually dissolve, a small investigatory experiment was set up where the used filter paper was massed before filtering as well as after it was allowed to dry after filtering.  In order to facilitate this drying process, the filter paper with any possible solute or contaminant residue was placed into a lab dessicator.  If all of the Aspirin dissolved, then there should be a minimum mass of Aspirin left in the solution soaked into the filter paper.  If none of the Aspirin dissolved, the mass of the paper after drying would have increased by 0.1802 grams.  However, this was not the case, because results were obtained for each solution.  By making a comparison of the actual mass of Aspirin left on the paper after drying, a qualitative analysis was made in order to determine whether or not the concentrations of each solution were effectively what they were supposed to be.  Also assuming that the solutes were given enough time to entirely dissociate and dissolve into their respective solutions, the concentration of the final filtered solution should be the initially expected concentration.  Ultimately, the mass of the paper afterwards was found only to be increased by 0.0088g. This small increase in the mass of the filter paper was compared to a hypothetical value of no mass lost, and the evaluated slopes both had a value of 0.00004 s-1.  This shows that the procedural error in filtering the solutions did not affect the ultimate concentrations of the solutions as well as the reaction rate values. 

Recommendations for the future are to carefully consider the process of dissolving solutes in order to obtain and create standard solutions.  While this common laboratory procedure seems easy, the ultimate fate, whether it is failure or success, depends on this common practice.  Be aware of and ready to handle solubility problems, such as the tap water used to regulate the temperature of the solution being colder than room temperature.  Be aware of the solubility limit at room temperature.  Take the necessary time to ensure that all of the solute has dissolved in solution.  In this experiment it was possible to avoid large errors affecting the reaction rates, but a way to precisely and quantitatively measure the loss of mass through the filter paper may be by running samples of pre- and post-filtered solution through a spectrophotometer.  The concentration differences then could be calculated and accounted for.  
Conclusions:
1. For both the 0.01M Aspirin solution and the 0.01M Aspirin/0.01M Sodium Carbonate solution the reaction rate increased as the temperature increased. For the aspirin solution the reaction rate with 95% confidence increased from 0.0000445±6.988E-05 s-1 to 0.0014±0.0012706 s-1, and for the 0.01M Aspirin/0.01M Sodium Carbonate solution the reaction rate with increased from 0.0002 to 0.0047.
2. The reaction rates with 95% confidence for 0.01M Aspirin/0.00625M Sodium Carbonate solution, 0.01M Aspirin/0.0125M Sodium Carbonate solution, and 0.01M Aspirin/0.025M Sodium Carbonate solution are 0.00025±0.0006353, 0.00095±0.0006353, and 0.00205±0.0006353, demonstrating a correlating increase in the reaction rate with pH.

3. The reaction rate-temperature relationship displayed in the Arrhenius plots for both the 0.01M Aspirin solution and the 0.01M Aspirin/0.01M Sodium Carbonate solution reflected the Arrhenius prefactors—0.01679 and 0.03147, and the activation energies—1270.629 J/K and 1082.40 J/K, respectively.
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Appendix (Figures and Tables):
Table 1: The Reaction Rates for Solutions of Aspirin and Sodium Carbonate at 25oC.
	Solution: 
	Aspirin s-1 
	Aspirin s-1
	 
	 
	 

	
	(raw)
	(conditioned)
	Mean
	Stdev
	95% conf

	0.01 M Aspirin 25 oC
	0.00005
	0.000039
	0.0000445
	7.778E-06
	6.988E-05

	0.01 M Aspirin 40 oC
	0.0003
	0.0003
	0.0003
	0
	0

	0.01 M Aspirin 60 oC
	0.0015
	0.0013
	0.0014
	0.0001414
	0.0012706

	0.01 M Aspirin / 0.01 Na2CO3 25 oC
	0.0002
	0.0002
	0.0002
	0
	0

	0.01 M Aspirin / 0.01 Na2CO3 40 oC
	0.0008
	0.0013
	0.00105
	0.0003536
	0.0031765

	0.01 M Aspirin / 0.01 Na2CO3 60 oC
	0.0047
	0.0047
	0.0047
	0
	0

	0.005MAsp./0.00625M Na2CO3 25 oC
	0.0003
	0.0002
	0.00025
	7.071E-05
	0.0006353

	0.005MAsp./0.0125M Na2CO3 25 oC
	0.001
	0.0009
	0.00095
	7.071E-05
	0.0006353

	0.005MAsp./0.025M Na2CO3 25 oC
	0.0021
	0.002
	0.00205
	7.071E-05
	0.0006353


Table 2: Integrated Areas of the Peaks of Solutions of Aspirin and Sodium Carbonate.
	Solution
	Temperature (°C)
	Area of Peak 1 (Aspirin)
	Area of Peak 2 (Sal. Acid)

	
	
	Raw (Time in minutes)
	Conditioned (Time minutes)
	Raw (Time in minutes)
	Conditioned (Time minutes)

	(0.01MAsp/0.01M Na2CO3)
	25
	5.06 (100)

0.98 (10080)
	25.42 (100) 5.42 (10080)
	0.13 (100) 2.34 (10080)
	0.71 (100)

12.70 (10080)

	
	40
	4.72 (120)

4.33 (225)
	24.66 (120)

21.53 (225)
	0.4 (120)

0.82 (225)
	2.53 (120)

3.80 (225)

	
	60
	2.52 (140)

1.77 (215)
	12.55 (140)

8.83 (215)
	1.94 (140)

2.78 (215)
	11.29 (140)

13.31 (215)

	(0.005MAsp/0.00625M Na2CO3)
	25
	2.4 (30)

2.39 (90)

2.30 (180)

0.82 (10080)
	12.59 (30)

12.44 (90)

12.15 (180)

4.04 (10080)
	0 (30)

0 (90)

0 (180)

1.44 (10080)
	0.23 (30)

0.30 (90)

0.53 (180)

7.08 (10080)

	(0.005MAsp/0.0125M Na2CO3)
	25
	2.26 (30)

2.18 (90)

1.94 (180)

0.12 (10090)
	11.88 (30)

11.46 (90)

10.33 (180)

0.46 (10090)
	0 (30)

0.09 (90)

0.13 (180)

0.53 (10090)
	0.59 (30)

1.15 (90)

1.74 (180)

9.82 (10090)

	(0.005MAsp/0.0250M Na2CO3)
	25
	2.05 (30)

1.77 (90)

1.50 (180)

0 (10100)
	10.91 (30)

9.50 (90)

8.12 (180)

0 (10100)
	0.14 (30)

0.30 (90)

0.53 (180)

2.07 (10100)
	1.49 (30)

2.28 (90)

3.34 (180)

9.83 (10100)


Table 3: Integrated Areas of the Peaks of Solutions of Aspirin.
	Trial #
	Temperature (°C)
	Area of Peak 1 (Aspirin)
	Area of Peak 2 (Sal. Acid)

	
	
	Raw(Time in minutes)
	Conditioned (Time minutes)
	Raw(Time in minutes)
	Conditioned (Time minutes)

	(0.01M Asp.)
	25
	4.29 (30)

2.40 (10080)

1.98 (30240)
	21.45 (30)

12.47 (10080)

9.70 (30240)
	0.61 (10080)

1.34 (30240)
	3.65 (10080)

6.19 (30240)

	
	40
	4.61 (30)

4.27 (160)
	23.07 (30)

22.27 (160)
	0.04 (160) 
	0.85 (160)

	
	60
	4.46 (30)

3.50 (150)
	22.43 (30)

18.83 (150)
	0.49 (150)
	2.48 (150)

	(0.01M Asp.) 4th week 
	25
	4.2 (30)
	20.78 (30)
	0.41 (30)
	1.41 (30)


Figure 1: The Arrhenius Plot of the 0.01 M Aspirin and 0.01 M Sodium Carbonate solutions reflecting the relationship between ln(K) and 1/T.
[image: image1.emf]Arrhenius Plot (0.01M Asp+0.01M Na2CO3)

y = -130.19x - 3.4587

R

2

 = 0.9464

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

0 0.01 0.02 0.03 0.04 0.05

1/T

ln(K)


Figure 2: The Arrhenius Plot of the 0.01 M Aspirin solutions reflecting the relationship between ln(K) and 1/T.
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