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Purpose:


The purposes of the experiments in this laboratory were to practice different separation techniques based on molecular size, such as dialysis and gel filtration. Dialysis separates by allowing smaller molecules to diffuse through its semi-permeable membrane while keeping larger molecules inside, and gel filtration separates molecules based on size by collecting fractions depending on how long it takes the molecules to travel through the gel depending on their size. Glucose oxidase and iodine were then used to test the contents for starch or glucose (Pilon and Rodriguez, 2009).
R1.

Table 1: Carbohydrate tests 

	Reagent
	Glucose Oxidase
	Iodine

	Glucose
	+
	-

	Starch
	-
	+

	Sucrose
	-
	-

	Fructose
	-
	-

	Dialysis: Internal Solution
	+
	+

	Dialysis: External Solution
	+
	-


The + indicates a positive test, and the – indicates a negative test.
A positive glucose oxidase test provided a yellow colour, and a positive iodine test provided a dark purple/black colour (Pilon and Rodriguez, 2009). The above results make sense because the glucose oxidase test only tests for glucose containing solutions, therefore the standard glucose, and the internal and external dialysis solutions due to diffusion; and the iodine tests for starch containing solutions, therefore the standard starch and the internal dialysis solution because the starch molecule is too large to pass through the semi-permeable membrane of the dialysis tubing. There were no positive tests for sucrose or fructose due to their molecular structure.
R2.

Table 2: Dialysis Results 

	t(min)
	glucose
	
	
	
	Starch
	
	
	

	
	A420
Int. Soln.
	C1
(g/L)
	A420
Ext.

Soln.
	C2
(g/L)
	A600
Int.

Soln.
	C1
(g/L)
	A600
Ext. 

Soln.
	C2
(g/L)

	0
	-
	50
	-
	0
	-
	1
	-
	0

	66
	1.32
	5.5
	0.42
	1.75
	0.5005
	0.21
	0.00
	0.00


Sample calculations:
Glucose oxidase:





iodine reaction:

A420 standard/[standard] = A420 Int. Soln./[int. Soln.]

0.4795/(0.2g/L) = 0.5005/[int. Soln.]

0.48/(2.0g/L) = 1.32/[int.soln]



[int. Soln.]= 0.21 g/L

[int. Soln.]= 5.5 g/L

(Unit conversions: 1mg/mL = 1g/L (Convert Center, 2008).)
These results make sense. The glucose oxidase reaction shows that the glucose diffused through the dialysis tubing into the external solution because it is a smaller molecule than starch, and the iodine reaction shows that no starch left the dialysis tubing because it is too large a molecule.
R3.

The solution volume in the bag changed from 11ml to 13ml. This is because as the solution in the bag and out of the bag equilibrated some of the glucose molecules diffuse out of the bag and into the external solution over time, therefore water is taken in and the net flow of the dialysis is into the bag therefore there is a higher volume.

R4.

Glucose concentration at equilibrium:
C1= 5.5g/L
C2=1.75g/L
Co= 50g/L
V1=11mL
V2=200mL
Ceq= ?
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Ceq = Co





Ceq=  (50mg/ml) (11ml)/(11ml +200ml)


Ceq= 2.60 mg/ml

Therefore the estimated equilibrium concentration is 2.60mg/ml.

R5.

Diffusion coefficient D,

C1= 5.g/L 
Ceq= 2.6 g/L
Co= 50 g/L
V1= 11ml
V2=200ml
t= 66min

First find β from equation 2:

(C1 – Ceq)(1+α)=Co e-βt
(5.5-2.6)(1- (11/200)) = (50)e-β(66)
ln(0.06119)= -β(66)
β= 0.0423 min-1
Use β to find D using equation 4:

Β= 2(1+α) D/r2
0.0423= 2(1 + 11/200) D/ (0.8)2
D= 0.0128 cm2 min-1
Therefore the diffusion coefficient is equal to 0.0128 cm2 min-1.

R6.

C1= 6.25 mg/mL
Ceq= 2.60 mg/mL
Co= 50 mg/mL

β= 0.0423 min-1


V1= 11ml
V2= 200ml
t= ?

(C1 – Ceq)(1+α)=Co e-βt
(6.25-2.60)(1 + 11/200)= (50)e-0.0423t
ln(0.077015) = -0.0423 t

t= 60.6 min

Therefore it would take 60.6 minutes for the glucose concentration in the bag to become 6.25g/L.
R7.
Table 3. Column elution results.  Absorbance readings with corresponding concentrations of starch and glucose. 

	Fraction
	Glucose
	Starch

	#
	Elution V(ml)
	
[image: image2.wmf]  

A

420


	c (g/L)
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A

600


	c (g/L)

	4
	7.2
	-------
	-------
	-------
	-------

	5
	9.0
	-------
	-------
	-------
	-------

	6
	10.8
	-------
	-------
	-------
	-------

	7
	12.6
	-------
	-------
	-------
	-------

	8
	14.4
	-------
	-------
	0.059
	0.024

	9
	16.2
	-------
	-------
	0.83
	0.346

	10
	18.0
	-------
	-------
	0.17
	0.071

	11
	19.8
	-------
	-------
	-------
	-------

	12
	21.6
	
-------

	-------
	-------
	-------

	13
	23.4
	-------
	-------
	-------
	-------

	14
	25.2
	-------
	-------
	-------
	-------

	15
	27.0
	0.09
	0.375
	-------
	-------

	16
	28.8
	0.33
	1.375
	-------
	-------

	17
	30.6
	0.49
	2.042
	-------
	-------

	18
	32.4
	0.39
	1.625
	-------
	-------

	19
	34.2
	0.19
	0.792
	-------
	-------

	20
	36.0
	0.12
	0.500
	-------
	-------

	21
	37.8
	0.04
	0.167
	-------
	-------

	22
	39.6
	0.01
	0.042
	-------
	-------

	23
	41.4
	0.01
	0.042
	-------
	-------

	24
	43.2
	0.02
	0.083
	-------
	-------

	
	
	
	
	
	


Sample calculation for average volume in fractions
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Sample calculation for concentration of fractions, using glucose as standard (fraction 15 is used as the example).  Standard glucose absorbance = 0.48 with concentration of 2.0mg/ml. 
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Sample calculation for concentration of fractions, using Starch as standard . Standard starch absorbance = 0.4795 with concentration of 0.2mg/ml.  
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R8.
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Figure 1. Concentrations of glucose and starch (g/L) plotted against elution volume (ml). 

     There is one peak for each of the glucose and starch curves.  Glucose is a much smaller molecule than starch, and therefore we would expect it to enter the beads in the gel filtration column and be retained in the column longer then the larger glucose molecules.  This is apparent in figure 1, with the highest concentration of glucose at an elution volume of around 16.2 ml, and the highest concentration of glucose is found at an elution volume of around 30.6 ml.  In the gel filtration column Sephadex G-25 was used, with a molecular weight cutoff of 5000 Da (Pilon and Rodriguez, 2009).  Starch is made of amylose and amylopectin, which are linear polymers of many glucose molecules, having molecular weights higher than 5000Da preventing them from entering the beads.  The molecular weight of glucose, 180 Da, is sufficiently small to enter the beads in the column, resulting in a slower elution of glucose relative to starch.   

R9. 

The yield recovered from the gel filtration:

Total amount in column = Concentration of Glucose x Average volume / fraction




(0.375g/L x 0.0018L) + (1.375g/L x 0.0018L) + (2.042g/L x 0.0018L) +

(1.625g/L x 0.0018L) + (0.792g/L x 0.0018L) + (0.500g/L x 0.0018L) +

(0.167g/L x 0.0018L) + (0.042g/L x 0.0018L) + (0.042g/L x 0.0018L) +




(0.083g/L x 0.0018L)




= 0.0127g

Estimated Recovered Yield for Glucose = Amount recovered / Initial amount used




= 0.0127g / (50g/L x 0.0005L) x 100%




= 50.8%

Total amount in column = Concentration of Starch x Average volume / fraction




(0.024g/L x 0.0018L) + (0.346g/L x 0.0018L) + (0.071g/L x 0.0018L)




= 0.0007938 g

Estimated Recovered Yield for Starch = Amount recovered / Initial amount used




= 0.0007938g x / (1.0g/L x 0.0005L) x 100 %




= 158.76%

     The values obtained for percent yield of glucose and starch makes sense.  The percent yield of starch is higher than 100%, which is mostly likely due to the presence of some glucose in the fractions that were used to measure starch concentration.  Although glucose molecules are small and can enter through the pores of the beads, some of the molecules may not have entered and they would therefore remain on the outside and be eluted with the starch that also did not enter the beads.  This also accounts for the smaller % yield of glucose; while most of the glucose was slowed by the beads, some of it was already eluted and would be found in earlier fractions. 

R10.
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     In each case, Ve is obtained from figure 1; these are not exact values. 
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 was given by the TA. 
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 for Amylose and Amylopectin

         
[image: image11.wmf]  

K

av

=

(

V

e

-

V

o

)

(

V

t

-

V

o

)

K

av

=

(

16

.

2

-

15

)

(

37

.

22

-

15

)

K

av

=

0

.

054



[image: image12.wmf]  

K

av

 for Glucose 

          
[image: image13.wmf]  

K

av

=

(

V

e

-

V

o

)

(

V

t

-

V

o

)

K

av

=

(

30

.

6

-

15

)

(

37

.

22

-

15

)

K

av

=

0

.

702


We expect the distribution coefficient of starch, consisting of amylose and amylopectin, to be lower since they are much larger molecules.  Glucose, being smaller, will enter the beads in the gel filtration column while amylose and amylopectin will not.  Since amylose and amylopectin are both too large to enter the beads, they will be eluted together and will both have the same 
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 value or 0.0054.  Glucose, slowed by entering the beads, will a higher elution volume and therefore will have a higher distribution coefficient.  The distribution coefficient reflects the size the molecule.   

R11. 

     If the column length were decreased by half the average distribution coefficiant would remain unchanged while the elution volume (
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) for amylose and glucose would decrease. 
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 is affected by a change in column size, which changes 
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 and 
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. It should decrease by half of the original value.  Since the total volume of the column has decreased by half, it should take a smaller volume of eluant to elute the solution.  The average distribution coefficient (
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) will no change because 
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 is only affected by the gel type and solute.  This makes sense because
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 will all be halfed and if we look at the formula for
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, shown in R11, we see that this will simply half and denominator and numerator canceling each other out and therefore the 
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 value remains the same.    
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