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Purpose

This lab’s purpose was to demonstrate the properties of common carbohydrates, such as monosaccharides and polysaccharides (in this case, glucose and starch), and the multiple techniques used to separate these molecules. One of the techniques in this lab used to separate the monosaccharide from the polysaccharide was dialysis. Dialysis is a relatively simpler way, much simpler than the other techniques, of separating small molecules from larger ones by means of diffusion through a semipermeable membrane. Gel filtration, another technique used in this lab, is a little more complicated since it uses hydrated beads that use their numerous pores to separate the molecules small enough to enter the pores from molecules too large, which just flow around the beads. Glucose oxidase, on the other hand, is more complicated technique from this lab with its use of enzymatic reaction to break down glucose and release hydrogen peroxide, which then is reacted with peroxidase to form a dye complex; this dye complex is what helps determine the presence of glucose (the more concentrated the dye, the more hydrogen peroxide released, the higher concentration of glucose that was present). The last technique used in the lab was the Iodine reaction, in which, starch (a polysaccharide) is treated with a solution containing iodine, the polysaccharide then binds to the iodine to produce a coloured solution; in this case, the amylose that makes up starch creates a blue colour when bound to iodine, and the presence of that blue colour determines the presence of amylose/starch (the more concentrated the colour, the higher concentration of polysaccharide present). 








R1

	
	Glucose
	Starch

	t
(min)
	A420 internal solution
	c1
(g/L)
	m1
(mg)
	A420 external solution
	c2
(g/L)
	m2
(mg)
	A600 internal solution
	c1
(g/L)
	m1
(mg)
	A600 external solution
	c2
(g/L)
	m2
(mg)

	0
	0.520
	46.3
	463
	--
	0
	0
	0.527
	0.8
	8.0
	--
	0
	0

	45
	1.060
	19.7
	197
	0.324
	1.2
	240
	0.438
	0.665
	133.1
	0.042
	0.0106
	2.12


Table 1. Performed 45-minute dialysis of 10mL starch-glucose mixture by semipermeable membrane. Absorbances of glucose oxidase and iodine assays taken via spectrophotometer at 420nm and 600nm, respectively. The concentration of the glucose standard was 1.5mg/mL and concentration of starch standard was 0.2mg/mL.

Analysis
As dialysis occurs, small molecules (glucose) and large molecules (starch) are separated by selective diffusion through the semipermeable membrane of the cellophane dialysis tubing. Meaning that the glucose molecules would diffuse through the pores of the membrane during the duration of the 45-minute dialysis. As a result, there would be a higher concentration of glucose molecules and a much lower concentration of starch molecules in the external environment.  However, the results show that the concentration of glucose in the internal solution at 45 min. was 19.7g/L and only 1.2g/L in the external. This indicates that equilibrium was not attained since the external and internal concentrations are not the same. The initial concentration of glucose in the internal solution was 46.3g/L, and at the end, the concentration was 19.7g/L. This can be the result of a misreading of the absorbance. The starch, on the other hand, has a much higher internal concentration than the external solution, which adheres to the expectation.

Sample calculations
Final absorbance
A - absorbance at 420nm
a - blank
i - glucose standard (1.5mg/mL), initial reading
Ab = Ai - Aa
Ab = 0.400 - (-0.004)
Ab = 0.404
C1,internal calculation at time = 0 min. (glucose)
A - absorbance at 420nm
c - concentration
b - glucose standard (1.5mg/mL)
d - initial starch-glucose mixture
Ab/cb = Ad/(0.025/0.6)*cd
cd = (Ad*cb)/Ab*(0.025/0.6)
cd = (0.520*1.5mg/mL)/0.404*0.0416667
cd = 46.3mg/mL = 46.3g/L
∴ c1 = 46.3g/L
m1,internal calculation at time = 0 min. (glucose)
m1 - initial mass of glucose in dialysis bag
vinternal - internal volume of initial mixture
m1 = vinternal x cd
m1 = 10mL x 46.3mg/mL
m1 = 463mg
C1,internal calculation at time = 45 min. (glucose)
A - absorbance at 420nm
c - concentration
b - glucose standard (1.5mg/mL)
e - final internal solution
Ab/cb = Ae/(0.12/0.6)*ce
ce = (Ae*cb)/Ab*(0.12/0.6)
ce = (1.060*1.5mg/mL)/0.404*0.2
ce = 19.7mg/mL = 19.7g/L
∴ c1 = 19.7g/L
m1,internal calculation at time = 45 min. (glucose)
m1 - final mass of glucose in dialysis bag
vinternal - internal volume of initial mixture
m1 = vinternal x ce
m1 = 10mL x 19.7mg/mL
m1 = 197mg
C2,external calculation at time = 45 min. (glucose)
A - absorbance at 420nm
c - concentration
b - glucose standard (1.5mg/mL)
f - final external solution
Ab/cb = Af/cf
cf = (Af*cb)/Ab
cf = (0.324*1.5mg/mL)/0.404
cf = 1.2mg/mL = 1.2g/L
∴ c1 = 1.2g/L
m2,external calculation at time = 45 min. (glucose)
m2 - final mass of glucose in dialysis bag
vexternal - initial external volume
m2 = vexternal x cf
m2 = 200mL x 1.2mg/mL
m2 = 240mg
C1,internal calculation at time = 0 min. (starch)
A - absorbance at 600nm
c - concentration
c - starch standard (0.2mg/mL)
d - initial glucose/starch mixture
Ac/cc = Ad/(0.1/0.6)*cd
cd = (Ad*cc)/Ac*(01/0.6)
cd = (0.527*0.2mg/mL)/0.790*0.16667
cd = 0.80mg/mL = 0.80g/L
∴ c1 = 0.80g/L
m1,internal calculation at time = 45 min. (starch)
m1 - final mass of starch in dialysis bag
vinternal - internal volume of initial mixture
m1 = vinternal x cd
m1 = 10mL x 0.80mg/mL
m1 = 8.0mg
C2,external calculation at time = 45 min. (starch)
A - absorbance at 600nm
c - concentration
c - starch standard (0.2mg/mL)
f - final external solution
Ac/cc = Af/cf
cf = (Af*cc)/Ac
cf = (0.042*0.2mg/mL)/0.790 This calculation is incorrect for starch
cf = 0.0106mg/mL = 0.0106g/L
∴ c2 = 0.0106g/L
m2,external calculation at time = 45 min. (starch)
m2 - final mass of starch in dialysis bag
vexternal - initial external volume
m2 = vexternal x cf
m2 = 200mL x 0.0106mg/mL
m2 = 2.12mg
R2
ceq - glucose concentration at equilibrium
co - glucose concentration at t = 0
α = v1/v2 - volume ratio between the two compartments at t = 0
α = v1/v2 = 10mL/200mL = 0.05
ceq = co* α/(1+ α)
ceq = 46.3g/L*0.05/(1+0.05)
ceq = 2.204g/L
Therefore, the glucose concentration at equilibrium is 2.204g/L.
R3
c1 - concentration of glucose at time = 45 min. (internal, g/L)
ceq - glucose concentration at equilibrium (g/L)
α = v1/v2 - volume ratio between the two compartments at time = 0 min.
β = time constant (/min)
D’ - diffusion coefficient of glucose (cm2/min)
r - radius of dialysis bag
(c1 - ceq)(1+ α) = co*e-βt
(19.7- 2.204)(1+0.05) = 46.3*e-β(45)
18.3708 = 46.3*e-β(45)
0.3967 = e-β(45)
ln(0.3967) = -β(45)
β = 0.0205/min
β = 2(1+α)D’/r
0.0205/min = 2(1+0.05)D’/0.8cm
D’ = 0.0205/min(0.8cm)/2(1.05)
D’ = 0.078cm/min
Therefore, the diffusion coefficient of glucose in this experiment was 0.078cm/min.
R4
Table 2. Sephadex gel column elution of glucose and starch. A volume of 0.5mL of starch-glucose mixture was added to the column. The average volume eluted into fractions was 3.9mL, which was calculated using fractions 1-3. Absorbencies were measured with the spectrophotometer for glucose oxide asset and iodine assay at 420nm and 600 nm, respectively. The concentration of glucose standard was 1.5mg/mL and the starch standard concentration was 0.2mg/mLFraction
Glucose
Starch
#
Elution Vol. (mL)
A420
c 
(g/L)
m 
(mg)
A600
c 
(g/L)
m
 (mg)
1
3.9
0.015
0.056
0.220
0.041
0.103
0.400
2
7.8
0.007
0.026
0.100
0.047
0.012
0.047
3
11.7
0.016
0.059
0.230
0.026
0.007
0.030
4
15.6
0.018
0.067
0.260
0.272
0.069
0.270
5
19.5
0.008
0.029
0.110
0.036
0.009
0.035
6
23.4
0.065
0.241
0.940
-0.006
-0.002
-0.008
7
27.3
0.364
1.351
5.270
0.003
0
0
8
31.2
0.518
1.923
7.500
0.037
0.009
0.035
9
35.1
0.292
1.084
4.230
0.002
0
0
10
39
0.094
0.349
1.360
-0.005
-0.001
-0.004
11
42.9
0.043
0.159
0.620
0.005
0.001
0.004
12
46.8
0.020
0.074
0.290
0.013
0.003
0.011
13
50.7
0.024
0.089
0.350
0.010
0.002
0.008
14
54.6
0.017
0.063
0.250
0.004
0.001
0.004
15
58.5
0.009
0.033
0.130
-0.002
0
0


Sample Calculations
Average Fraction volume
vavg = (v1+v2+v3)/3
vavg = (3.8mL+4.0mL+3.8mL)/3
vavg = 3.9mL
Elution Volume calculation for Fraction 7
ve - elution volume (mL)
n - fraction number
vavg - average fraction volume
ve = n*vavg
ve = 7*3.9mL
ve = 27.3mL
Absorbance value of Fraction 7 (glucose)
A7 - absorbance of fraction 7
Ai - initial reading of fraction 4 absorbance at 420nm
Ab - absorbance of blank at 420nm
 A7 = Ai - Ab
A7 = 0.360 - (-0.004)
A4 = 0.364
C7 calculation (glucose)
A - absorbance at 420nm
c - concentration
b - glucose standard (1.5mg/mL)
7 - fraction #7
Ab/cb = A7/c7
c7 = (A7*cb)/Ab
c7 = (0.364*1.5mg/mL)/0.404
c7 = 1.351mg/mL = 1.351g/L
∴ c7 = 1.351g/L
m7 calculation (glucose)
m7 - mass of glucose in fraction 7
c7 - concentration of glucose in fraction 7
vavg - average fraction volume
m7 = c7 x vavg
m7 = 1.351mg/mL x 3.9mL
m7 = 5.27mg
Absorbance value of Fraction 4 (starch)
A4 - absorbance of fraction 4
Ai - initial reading of fraction 4 absorbance at 600nm
Ab - absorbance of blank at 600nm
 A4 = Ai - Ab
A4 = 0.279 - (0.007)
A4 = 0.272
C4 calculation (starch)
A - absorbance at 600nm
c - concentration
c - starch standard (0.2mg/mL)
4 - fraction #4
Ac/cc = A4/c4
c4 = (A4*cc)/Ac
c4 = (0.272*0.2mg/mL)/0.790
c4 = 0.069mg/mL = 0.069g/L
∴ c4 = 0.069g/L
m4 calculation (starch)
m4 - mass of starch in fraction 4
c4 - concentration of starch in fraction 4
vavg - average fraction volume
m4 = c4 x vavg
m4 = 0.069mg/mL x 3.9mL
m4 = 0.27m
R5[image: ]
Figure 1. Gel column filtration chromatography of starch-glucose mixture. The volume of the mixture added to the Sephadex column was 0.5mL. Average fraction volume was 3.9mL, calculated using volume measurements of fractions 1-3. This is a technique to separate molecules based on their size, using hydrated beads. Within the column, molecules that are smaller than the pore size will enter the beads while larger molecules will pass through. Absorbencies were measured with the spectrophotometer at 420nm for glucose oxide assay and 600nm for iodide assay. The concentration of glucose standard was 1.5mg/mL and the starch standard concentration was 0.2mg/mL. 

Analysis
The graph displays glucose with a very prominent peak at around fraction 8 and starch has a small, yet relatively prominent peak at around fraction 4. With the understanding that glucose is a small enough molecule to enter the pore of the beads, leaving starch (the larger molecule of the two) to flow through the column and around the beads, the graph and the results correlate to the expectation that both glucose and starch will have one prominent peak each. Since starch was free to flow down the column, it was distributed amongst the earlier fractions. Once the 0.5mL of the starch-glucose mixture was finished, water was pumped through the column. Glucose was, in a way, forced out of the pores of the beads because water molecules are much smaller and would enter the beads. That was when glucose was distributed amongst the later fractions. Where glucose peaked, its ve was 31.2mL, and where starch peaked, its ve was 15.6mL. The vo (the measure of volume for the void of the column) is 15.0mL, and vt (the total volume of the column) was 36.2mL.
R6
Kav - the average distribution coefficient
ve - elution volume at peak
vo - void volume of column
vt - total volume of column
d - diameter of column
h - height of column
vt = π(d/2)2h
vt = π(1cm/2)2(46.1cm)
vt = 36.2mL
Glucose
Kav = (ve - vo)/(vt - vo)
Kav = (31.2mL - 15mL)/(36.2mL - 15mL)
Kav = 0.764
The average distribution coefficient of glucose is 0.764.
Starch
Kav = (ve - vo)/(vt - vo)
Kav = (15.6mL - 15mL)/(36.2mL - 15mL)
Kav = 0.028
The average distribution coefficient of starch is 0.028.
Analysis
The average distribution coefficients of glucose and starch are what was expected. The average distribution coefficient (Kav) is correlated to the size of the molecule, with small molecules having a Kav closer to 1 and larger molecules having a Kav closer to 0. Glucose is a small molecule that can easily penetrate the pores, therefore it makes sense that its Kav is 0.764. Starch, being larger, has a Kav of 0.028, which also heeds expectation.
R7
(1) Glucose
cd - initial starch-glucose mixture concentration
v - volume of starch-glucose mixture applied to syringe
Theoretical Mass = cd*v
Theoretical Mass = 46.3mg/mL*0.5mL
Theoretical Mass = 23.15mg
Actual Mass = mass of glucose from all fractions
Actual Mass = 21.86mg
%Yield = (Actual Mass/Theoretical Mass)*100%
%Yield = (21.86mg/23.15mg)*100%
%Yield = 94.4%
(2) Starch
cd - initial starch-glucose mixture concentration
v - volume of starch-glucose mixture applied to syringe
Theoretical Mass = cd*v
Theoretical Mass = 0.8mg/mL*0.5mL
Theoretical Mass = 0.4mg
Actual Mass = mass of starch from all fractions
Actual Mass = 0.832mg
%Yield = (Actual Mass/Theoretical Mass)*100%
%Yield = (0.832mg/0.4mg)*100%
%Yield = 208%
Analysis
With the assumption that the recovery yield should be 100% for both at optimal conditions, there must have been a few errors during the experiment with starch to yield 208%. However, the conditions for glucose seemed to be near-optimal to yield 94.4% of glucose. When measuring the absorbance of the reference, the starch standard, was when the error might occurred. The reading was relatively high and the calculated concentration of starch in the initial mixture was very low, which affected the calculation for the concentration of starch in the initial concentration; this then affected the calculation for theoretical mass. A high reading could have been caused by smudges or scratches on the test tube. Even not pipetting enough water or too much solution could give an absorbance reading different from expectation. 
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