Use of Dialysis to Determine Starch Concentrations in Unknown Solutions
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Abstract


Given two solutions, we had to find their concentrations of starch.  First, we placed 10 milliliters of each solution into semi-permeable tubing.  We measured the entire weight of the tubing before and after dialysis took place.  We repeated this procedure using concentrations we made with the same starch used to make the initial concentrations.  We found that the concentrations of .1, .3, .5, .7, .8, and .9 percents of starch had .05, 1.2, .59, .67, .44, and .19 respectively.  The weight differences for solution A and B were .28 and .11 each.  We concluded that the concentrations of A and B are .46 and .25 respectively.  Though our data was slightly erroneous, we were still able to predict the concentrations of the two solutions and observe dialysis take place.

Introduction

Enclosing the contents of every living cell, both eukaryotic and prokaryotic, is a membrane comprised of phospholipids and proteins. Membranes are essential to the a cell’s survival because they serve as a semi-porous barrier between the inside of the cell and its surrounding environment (Campbell, 2005). 

As the plasma membrane is selectively permeable, or allows certain substances to pass more easily than others, it enables the cell to regulate the uptake of needed materials and disposal of useless ones. The specificity of the membrane is a great asset to the cell, because in this way it is able to keep its form intact while still being able perform this process of regulation (Davidson M.W, 2004). 

The simplest way that molecules can cross the membrane is through the process of diffusion. Diffusion is the tendency of the molecules of a substance to move into a less concentrated area (Campbell, 2005). A main rule of diffusion is that the molecules of the substance will always move down the concentration gradient, thus making diffusion a method of passive transport (Gorin G, 2009). 

Though diffusion is an easy method of transportation, it will not work for every situation of molecular intake or regulation. Only small hydrophobic and uncharged polar molecules (for example oxygen or carbon dioxide) can diffuse easily across the membrane. When larger molecules like sugars or amino acids are involved, other processes are necessary for regulation. 

A good way to balance the concentration of a substance when the dividing membrane is permeable to the solvent, but not solute, is through the process of osmosis (Walton, H. F, 2009). Osmosis is defined as the diffusion of water across a selectively permeable membrane (Whitmire, K. H. 2009). Osmosis is really just a more specific version of diffusion, and also moves down its concentration gradient. This means that osmosis is also a method of passive transport. 

The unique means of determining the direction of osmosis is based on the difference in total solute concentration. Regardless of whether the solutions differ in the number of solutes, water will always move from a hypotonic to hypertonic solution. This general rule will always hold true except in the case of isotonic solutions which will have no net osmosis between them. This means that the water moves between across the membrane at an equal rate in both directions.

Materials and Methods


We based our method on the difference in weight.  To begin with, we had the two solutions labeled A and B.  We knew that each solution contained an unknown concentration of starch.  We first took the dialysis tubing and cut a long piece of about eight inches using scissors.  The length of the tubing doesn’t matter because the weight will be constant and thus not affect the outcome of the experiment.  This tubing is very hard to open and split apart the two walls of the tube.  To make it easier to open, we placed the tubing in regular tap water for 1 minute approximately.  After we took the wet tubing out, we rubbed the sided of the tube to make it open, using a method similar to how shopping bags or trash bags are opened.  We tied one end of the tubing by making a knot.  We brought one end of the tubing over the main body of the tubing and looped it through the circle it made, similar to how ends of sewing threads are tied when there is only one thread to tie.  Then we poured 10 mL of solution A into the tubing using a funnel to avoid spillage and placed the result in the tied piece of ​​​​dialysis tubing.  We had to also use a pipette for precision.  After we used a pipette, we threw it away. We made tied the opening in the tubing with a knot similar to the one made in the beginning.  We weighed the tubing with the solution in it on an electronic balance and recorded the weight. If there was some water residue left, we took the plate upon which the substances to be weighed are placed and wiped it.  Then we replace the plate carefully.  We repeated this wiping procedure every time there was any water residue left.

Next, we poured about 200 mL of regular tap water into a 300 mL beaker.  We placed the tubing with the solution in the beaker and allowed osmosis to take place for 5 minutes.  While the five minutes was passing, we prepared the next tube. If the five minutes passed while we prepared the next tubing, we stopped our preparations and took out the tube in the water.  We weighed and recorded its new weight.  Then the tubing with solution A could be disposed of in the trashcan. 


This next tube had 10 mL of solution B.  We made the tube following the same procedure as we did with the first tube.  First we cut off a long piece of tubing, about 8 inches in length.  Then we wet it, tied a knot at one end and put Solution B into the tubing using a funnel, washed from its previous use for solution A.  We poured 10 mL of solution B into the tube and tied the open side.  We then weighed the tube with its solution.


During our experiment, five minutes passed before our preparations were done, so the tubing with solution A was no longer in the beaker with water.  We used the same beaker with the same water and placed the tube with solution B in it for 5 minutes.  We began the next tubing in the meanwhile.


The remainder of the tubing required more work.  We now had to make our own concentrations.  We had to first measure the amount of starch we were using.  This starch was the same starch used in the solutions A and B.  We used weighing paper and an electronic balance.    We placed the weighing paper on the balance and zeroed the scale using the button.  Then, using a scoopula, we placed some amount of starch on the paper.  Then we recorded the weight.  Then we prepared another piece of tubing, using the procedure by which we had prepared the tubes for solution A and B.  We cut a long piece of the tubing (about 8 inches in length).  Then we wet it to make it easier to open and tied a knot at one end.  


The amount of water we added to each concentration was different.  To determine the amount of water, we used the formula x grams / y mL of water  = concentration.  We took the amount of starch that we had weighted and substituted it for x.  We substituted our desired concentration in decimal format for concentration.  For example, if our desired concentration was 0.1%, we substituted in 0.1.  Then we solved for y using algebra skills (or x / concentration = y).  Then we multiplied y by 100 to give us the amount in milliliters.  This result was the amount of water we mixed with the starch.  Often we had more than the 10mL we needed.  So we mixed the starch with the regular tap water until the starch dissolved.  We measured out 10mL of the water and added it to the prepared tubing.  Then we tied the other end of tubing and measured its weight.  We placed it in the beaker of water for 5 minutes and then took it out of the water.  We then weighed and recorded its new weight.  We followed these procedures (detailed above in this paragraph) for the remained of the concentrations we made.  Those concentrations were 0.5, 0.8, 0.3, 0.1, 0.9, and 0.7.


 After all our data was recorded, we cleaned up by washing the funnel and returning the starch, tubing, and the two solutions A and B to our teacher.  We threw away the tubing with the different concentrations that we had used for the experiment.

Results

By measuring the initial and final weight differences of dialysis tubing due to osmosis, we found a relationship between concentration of solute and the weight of dialysis tubing (table 1). 

Table 1. Initial and final weight of dialysis tubing at different concentrations.

	Concentration 
	Starch (g) 
	Water added (mL)
	Initial Weight (g)
	Final Weight (g)

	B
	
	10
	10.26
	10.15

	0.5
	0.1
	20
	11.07
	11.66

	0.8
	0.12
	15.5
	6.61
	7.05

	0.3
	0.07
	23.3
	11.23
	12.43

	0.1
	0.05
	50
	10.64
	11.59

	0.9
	0.2
	22.2
	6.70
	6.89

	0.7
	0.09
	12.8
	7.19
	7.86

	A
	
	10
	10.06
	10.34


We then further condensed this table of data to find the specific relationship between concentration and weight change (table 2). 

Table 2 Compilation of data demonstrating the relationship between difference in tubing and the difference in weight of dialysis tubing.

	Mass Change (g)
	Concentration

	0.11
	B

	0.59
	0.5

	0.44
	0.8

	1.2
	0.3

	0.05
	0.1

	0.19
	0.9

	0.67
	0.7

	0.28
	A


By use of figure 1, we found the general trend that the greater the concentration of starch in the initial state, the greater the change in weight. In order to be more specific in our calculations of the concentrations of solvents A and B, we formulated a standard curve based on the data in table 2 (figure 1). Figure 1 yields a curve of best fit that can be used to predict the concentrations. 
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Figure 1. Curve of regression calculated based on the difference in weight of the dialysis tubing and the concentration of the solution.

Thus, change in mass is substituted into the equation for the variable x and the concentration will be outputted as the variable y. Solution A has a concentration of 0.4626 while solution B has a concentration of 0.2472. Figure 2 illustrates the specific steps taken to reach these conclusions.  
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Figure 2. Demonstrates the steps taken in order to calculate the concentrations of solutions A and B from the standard curve (determined previously in Figure 1).  

Discussion

Our results were quite peculiar to say the least. Only half of our results coincided with the proper outcome one should see when it comes to diffusion and osmosis. For instance, in osmosis it is rule that if we put a cell in a solution that is hypotonic to the cell, water will enter the cell faster than it leaves, and the cell will swell and lyse, whereas if we put a cell in a solution hypertonic to it, the cell will lose water to its environment, shrivel, and most probably die (Campbell 2005). Likewise if a cell is hypertonic to its surrounding solution, and contains too much solute but too little free water molecules, water from the surrounding solution will come into the cell to replenish and set equilibrium of water on the inside and outside of the cell. The same process occurs for a cell that is hypotonic, except in this case, water leaves a cell in order to set equilibrium (McCandless). Keeping in mind these results, only half of our lab results formed the proper outcome. In this case, only some solutions that were hypertonic to the environment (water) and had a high concentration of solute, gained water, or weight. These three solutions had a .5 %, .7%, and .8% concentration-all very high and all demanding some weight gain. However, the most unexpected results occurred with the weight differences of the solutions with the highest and lowest concentrations. The .1% and .3% solution both had the biggest increases of weight gain (.95 and 1.2 grams respectively), and the highest concentration had the lowest increase only .19 grams. Now all these solutions are supposed to gain water, because they all carry more concentration than our solution, water, did. But to see such a high weight gain for such little concentration, and to see such little weight gain for the highest concentration is unexpected. Ultimately, the highest concentration of solution has the most solutes, and thus the least free water molecules-this ratio just begs for a lot more water to enter the cell (or in our case bags of solution) to form an equal balance of water on both sides of the bag, especially since the solute itself cannot move and help out the balance. But the opposite happened for the highest concentration, and the lowest. Regarding the lowest concentrations, they too needed to gain water, but very little compared to the higher concentrations.

Conclusion

Due to the scattered results of our lab, we are unable to pinpoint exactly what the concentration of A or B should be. However, we are not so off course to derail from the fact that we did see some classic signs of osmosis and diffusion in our lab, despite the 3 major unexpected results. It is our guess that these 3 results derailed off track because some water was spilled during the lab process. In using a funnel, we may have been too quick to pour our solutions which presided in liquid being splashed around, thus reducing the amount of solution, or water, or anything that was used to be funneled by a funnel. These measures were now off, so the results would presumably be off too. In trying to restore the original measure of various solutions, and liquids, we probably overestimated at eye view, and thus were left with more solution, or liquid than before, which also threw off our measures, and results. However, in those measures we did not mess up, we saw classic examples of how osmosis works. In both the .5%, .7%, and .8% concentrations, the solutions had high concentrations which meant that there were high levels of solute, surrounded by low levels of free water molecules. In this classic hypertonic example, water surrounding the high hypertonic solution came in to bring the levels of water up in the solution, so as to create a perfect equilibrium of water on both sides of the solution. Water had to come in to create equilibrium through the diffusion of water (osmosis) because bags of dialysis were not permeable to allow the solute to move and set equilibrium. So even though we didn’t see osmosis perfectly displayed at each different concentration, it occurred at most half the time.  
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