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This lab focuses on utilizing two different techniques to showcase differences in carbohydrate molecular weight in the separation of polymers from monomers. These two techniques being dialysis and gel filtration chromatography    will illustrate the molecular principles of mono-, di- and polysaccharides. The dialysis method exhibits the permeability  of a mixture of carbohydrates across the semipermeable membrane within the dialysis bag based on molecular weight   and concentration gradient. The method of gel filtration chromatography similarly, will separate a solution mixture of carbohydrates based on molecular size and ability to filter through a gel column of predetermined bead size porosity, allowing one to determine the average distribution coefficient (Kav). In doing so this coefficient correlates to the    molecule size of said carbohydrate mixture. When graphed based on elution volume one is able to determine the composition of the solution size wise. To differentiate between type of carbohydrate, colorimetric assays are utilized in both techniques to assess not only concentration but also what type of molecule is present in isolated solutions.

Results & Discussion:

 (
1
)
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R1 Dialysis:

-1.0 —> concentration of standards missing from caption


Table #1: Resultant data of dialysis selected diffusion of glucose and starch  mixture  over  a  45.67  minute duration separated into internal and external solutions. The carbohydrate mixture of glucose and starch poured into    a dialysis bag composed of a semi-permeable membrane porous to molecules of a certain dalton size separated the initial mixture into two solutions. The external beaker in which the dialysis bag is placed into is diluted to 200 ml of distilled water, with the internal solution volume of the dialysis bag consisting of 10 mL. Colorimetric assay for glucose and   starch are recorded via spectrophotometer absorbance readings of either solution’s reactivity to reagents responsive to certain carbohydrates. Glucose assay is read at 420 nm for glucose-oxidase peroxidase and 600 nm for starch’s response  to iodine assay. Calculations for concentration and mass are provided after the table and displayed in the table below.



T
(min)

Glucose	Starch

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	0.749	46.90	469	-	-	-	0.682	1.004	10.04	-	-	-

45.67	0.251	3.27	32.7	1.433	3.738	747.6	0.632	0.931	9.31	0	0	0
 (
Glucose Positive Control Absorbance (b): 0.575 Starch Positive Control Absorbance (c): 0.815
)
looks like you got these values confused










Sample Calculations:

Data from Table #1 For Glucose Data
A420 Absorbance reading calculated from Blank Difference

Blank Absorbance = 0.000
Initial Internal Starch/Glucose Mix Absorbance = 0.749 0.749 - 0.000 = 0.749
Therefore, the absorbance of the initial starch/glucose mixture is 0.749 and 420nm.


Initial Internal Glucose Concentration:
Ab = 0.575

Final Internal Glucose Concentration:
Ab = 0.575

Cb = 1.5 mg/mL Ad = 0.749

Cb = 1.5 mg/mL Ae = 0.251

-0.5 —> incorrect absorbance

Cd =((!.! !"/!")(!.!"#))( !.! )	Ce =((!.! !"/!")(.!"#))( !.! )

(!.!"!)

!.!"#

(!.!"!)

!.!"

 (
(!
 
!)(!"""
 
!")
)Cd = 46.89391304 mg/mL ((!""" !")(! !)
Cd = 46.89391304 g/L
Therefore, the concentration of the internal glucose

Ce = 3.273913043 mg/mL ((!""" !")(! !)
 (
(!
 
!)(!"""
 
!")
)Ce = 3.273913043 g/L
Therefore, the final internal glucose concentration is

concentration is 46.90 g/L.

3.27g/L.

-0.5 —> incorrect concentration



Initial Internal Glucose Mass:
Cd = 46.89391304 mg/mL
Volume of Dialysis bag = 10.0 mL m1 = (V)(Cd)
m1 = (10.0 mL)(46.89391304 mg/mL) m1 = 468.9391304 mg
Therefore, the initial mass of glucose is 469 mg.
Final External Glucose Concentration:
Ab = 0.575

Final Internal Glucose Mass:
Ce = 3.273913043 mg/mL
Volume of Dialysis bag = 10.0 mL m1 = (V)(Ce)
m1 = (10.0 mL)(3.273913043 mg/mL) m1 = 32.73913043 mg
Therefore, the final internal mass of glucose is 32.7 mg.
-0.5 —> incorrect mass

Cb = 1.5 mg/mL Af = 1.433
 (
C
f
 
=
)((!.! !"/!")(!.!""))
(!.!"!)

—> incorrect absorbance

 (
(!!)(!"""
 
!")
)Cf = 3.73826087 mg/mL ((!""" !")(! !)

—> incorrect concentration

Cf = 3.73826087 g/L
Therefore, the final external glucose concentration is 3.738 g/L.


Final External Glucose Mass:
Cf = 3.73826087 mg/mL
Volume of beaker = 200.0 mL m2 = (V)(Cf)


—> incorrect mass

m2 = (200.0 mL)(3.73826087 mg/mL)
m2 = 747.6521739 mg
Therefore, the final external mass of glucose is 747.6 mg.






Refer to Table#1 for Starch Data

A600 Absorbance reading calculated from Blank Difference

Blank Absorbance = -0.006
Initial Internal Starch/Glucose Mix Absorbance =0.676 0.676 - (-0.006) = 0.682
Therefore, the absorbance of the initial starch/glucose mixture is 0.682 at 600nm.


Initial Internal Starch Concentration:
Ac = 0.851
Cc = 0.2 mg/mL Ad = 0.682
Cd =   ((!.! !"/!")(!.!"#))( !.! )

Final Internal Starch Concentration:
Ac = 0.851
Cc =  0.2 mg/mL Ac = 0.632
Ce =   ((!.! !"/!")(!.!"#))( !.! )

(!.!"#)

!.!"

(!.!"#)

!.!"

 (
(!
 
!)(!"""
 
!")
)Cd = 1.004171779 mg/mL ((!""" !")(! !)
Cd = 1.004171779 g/L
Therefore, initial starch concentration is 1.004 g/L.

Initial Internal Starch Mass:
Cd = 1.004171779 mg/mL
Volume of Dialysis bag = 10.0 mL m1 = (V)(Cd)
m1 = (10.0 mL)(1.004171779 mg/mL) m1 = 10.04171779 mg
Therefore, the initial mass of starch is 10.04 mg.

Ce = 0.9305521472 mg/mL ((!""" !")(! !)
 (
(!
 
!)(!"""
 
!")
)Ce = 0.9305521472 g/L
Therefore, the final internal starch concentration is 0.931g/L.

Final Internal Starch Mass:
Ce = 0.9305521472 mg/mL
Volume of Dialysis bag = 10.0 mL m1 = (V)(Cf)
m1 = (10.0 mL)(0.9305521472 mg/mL) m1 = 9.305521472 mg
Therefore, the final internal mass of starch is 9.31 mg.


Concentration Calculations for Final External Starch solution result in 0 due to an absorbance of = -0.006 -(-0.006) =
0.	-1.0 —> so did it reach equilibrium?
The data collected describes the concentration of either glucose or starch in the internal and external solutions.
This correlates to which molecule diffused over to an eventual equilibrium. For the internal solution tested for glucose had an initial concentration of 46.90 g/L. The final internal solution concentration when down to 3.27 g/L and the eternal solution increased from 0 g/L to 3.738 g/L. The mass of the internal solution for glucose is 469 mg, where it decreased to 32.7 mg for the final internal solution and 747.6 mg. This does lend itself to a significant error which may   be due to an incorrect reading of the absorbance value of this test tube assay, which will be addressed later, but it shows that most of the wavelength of light was absorbed indicating a high concentration of glucose. The Starch assay for iodine indicated an initial concentration of 1.004 g/L with a mass of 10.04 mg. It decreased to an internal concentration of  0.931 g/L of which the mass is 32.7 mg. The external solution had an absorbance reading of -0.006. This indicates no   light was absorbed at the 600 nm wavelength, and thus, despite the data indicating that starch may have transferred over either the reading was not performed correctly or the isolating of solution into the test tubes may have affected the true
concentration of external beaker solution.	-1.0 —> missing observation: closed system
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R2. Glucose Concentration at Equilibrium
Via Equation [5]
 (
(!!!!!)
)Ceq= !! !! ; Where Co = [t=0 Glucose] and V1= 10.0 mL, V2= 200.0mL
 (
C
eq
=
)(!".!"#"$#%& !/!)(!".!!")

(!".! !" ! !"".! !")
 (
(!
 
!)(!"""
 
!")
)Ceq= 2.233043478 mg/mL ((!""" !")(! !))
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Ceq = 2.233043478 g/L
Therefore, glucose concentration at equilibrium is calculated to be 2.233043478 g/L
R3. Apparent Diffusion Coefficient D’ of Glucose Across Dialysis membrane

Refer to Table#1 for Glucose Data
Givens:
[2] (c1-ceq)(1+𝛼) = (Co)(e-𝛽𝑡)
Where,
c1(3.273913043g/L) & ceq= final concentration + equilibrium
Thus, ceq = 2.233043478 g/L and Co = 46.89391304g/L
 (
=
)𝛼  !!
!!
t = 45.67 min





Equation [4]
𝛽 = 2(1 + 𝛼)𝐷′/𝑟


Equation [2]

(c1-ceq)(1+𝛼) = (Co)(𝑒!!(!".!"!"#))
(3.273913043𝑚𝑔/𝑚𝐿 − 2.233043478𝑚𝑔/𝑚𝐿)(1 + 0.05)


46.89391304 𝑚𝑔/𝑚𝐿
 (
(
3
.
273913043
𝑔
/
𝐿
 
−
 
2
.
233043478
𝑔
/
𝐿
)(
1
 
+
 
0
.
05
)
46.89391304 𝑔/𝐿
)= 𝑒!!(!".!" !"#)
𝑙𝑛
= 𝑙𝑛  𝑒!!(!".!" !"#)
!"  (!.!"#$%#&'#!/!!!.!""#$"$%&!/!)(!!!.!")
 (
=
) 	!".!"#"$#%& !/!	  𝛽
!(!".!" !"#)
𝛽=0.08230876359 𝑚𝑖𝑛!!
Therefore, time constant is 0.08230876359𝑚𝑖𝑛!!


Where; 𝛽 = 0.08230876359 𝑚𝑖𝑛!!, 𝛼= 0.05 , 𝑟= 0.85 cm, and D’ = Diffusion Coefficient to solve for
𝐷′ =	𝑟𝛽
2(1 + 𝛼)
(0.85 𝑐𝑚)(0.08230876359 𝑚𝑖𝑛!!)

𝐷′ =



2(1 + 0.05)

𝐷′ =0.03331545193 cm/min

Therefore, the apparent diffusion coefficient D’ of glucose moving across the dialysis membrane is 0.03331545193 cm/min, which is quite high but does indeed reflect the great difference between concentrations of glucose within the dialysis bag initial and final solutions.
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R4. Summarized Quantitative results for Gel Filtration

Table #2: Resultant data of gel filtration chromatography showcasing calculated mass and concentrations for glucose and starch assays alongside the elution volume  accumulated  for  each  fraction.  This method of gel filtration chromatography takes advantage of molecule size, where a solution is passed through hydrated beads of known porosity down a column. The initial starch and glucose mixture of 0.5 mL is eluted to a total of 54 mL into 15 fractions with a buffer. The hydrated beads allow for smaller molecules to take a longer to travel down the column than larger molecules. This separates the solution into various concentrations determined via spectrophotometer at 420 nm for  glucose assay and 600 nm for starch. Calculations for concentration and mass are provided after the table and displayed   in the table below.

Fraction	Glucose	Starch


	Test Tube#
	Elution Vol. (mL)
	A420
	c (g/L)
	Mass (mg)
	A600
	c (g/L)
	Mass (mg)

	1
	3.6
	1.626
	4.242
	15.27
	-0.008
	-0.001963
	0

	2
	7.2
	0.034
	0.08870
	0.3193
	0.002
	0.0004908
	0.001767

	3
	10.8
	0.035
	0.09130
	0.3287
	-0.002
	-0.0004908
	0



-0.5 —> column specifics (Sephadex G-25) missing from caption
-1.0 —> average volume missing from caption
-1.0 —> concentration of standards missing from caption	4


	4
	14.4
	0.046
	0.12
	0.432
	0.019
	0.004663
	0.01678

	5
	18
	0.048
	0.1252
	0.4508
	0.433
	0.1063
	0.3825

	6
	21.6
	0.026
	0.06783
	0.2442
	0.017
	0.004172
	0.01502

	7
	25.2
	0.251
	0.6548
	2.357
	0
	0
	0

	8
	28.8
	0.678
	1.769
	6.367
	0.009
	0.002209
	0.007951

	9
	32.4
	0.721
	1.881
	6.771
	-0.001
	-0.0002454
	0

	10
	36
	0.459
	1.197
	4.311
	-0.003
	-0.0007362
	0

	11
	39.6
	0.147
	0.3835
	1.380
	0.002
	0.0004908
	0.001767

	12
	43.2
	0.035
	0.09130
	0.3287
	0.01
	0.002454
	0.008834

	13
	46.8
	0.049
	0.1278
	0.4602
	0.003
	0.0007362
	0.002650

	14
	50.4
	0.029
	0.07565
	0.2723
	-0.013
	-0.003190
	0

	15
	54
	0.025
	0.06522
	0.2348
	-0.008
	-0.001963
	0


-2.0 —> no sample calculation for elution volume, Ve
Full Sample Calculation for Fraction # 6 (data retrieved from Table #2)

 (
5
)
A420 Absorbance reading calculated from Blank Difference
Blank Absorbance = 0.000 Absorbance of Test Tube #6 =0.026
0.026 - 0.000 = 0.026
Therefore, the absorbance of #6 fraction under 420nm & glucose assay is 0.026.

Test Tube #6 Glucose Concentration:
Ac = 0.575
Cc = 1.5 mg/mL Ag6 = 0.026
 (
C
g6
 =
)(!.! !"/!")(!.!"#)
(!.!"!)
 (
(!
 
!)(!"""
 
!")
)Cg6 = 0.06782609 mg/mL ((!""" !")(! !)
Cg6 = 0.06782609 g/L
Therefore, the glucose concentration in #6 is 0.06783g/L

Test Tube #6 Glucose Mass:
Cg6 = 0.06782609 mg/mL
Fraction Final Volume = 3.6 mL mg6 = (V)(Cg6)
mg6 = (3.6 mL)(0.06782609 mg/mL) mg6 = 2.44173924 mg
Therefore, mass of glucose in #6 is 0.2442mg

A600 Absorbance reading calculated from Blank Difference
Blank Absorbance = -0.006 Absorbance of Test Tube #6 =0.011
0.011-(- 0.006) = 0.017
Therefore, the absorbance of #6 fraction under 600nm & iodine assay is 0.017.

Test Tube #6 Starch Concentration:
Ac = 0.815
Cc = 0.2 mg/mL Ac = 0.017
 (
C
g6
 =
)(!.! !"/!")(!.!"#)
(!.!"#)
 (
(!
 
!)(!"""
 
!")
)Cg6 = 0.004171779141 mg/mL ((!""" !")(! !)
Cg6 = 0.004171779141 g/L
Therefore, the starch concentration in #6 is 0.004172g/L

Test Tube #6 Starch Mass:
Cg6 = 0.004171779141 mg/mL
Fraction Final Volume = 3.6 mL mg6 = (V)(Cf)
mg6 = (3.6 mL)(0.004171779141 mg/mL) mg6 = 0.01501840491 mg
Therefore, mass of starch in #6 is 0.01502mg
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R5. Concentrations of glucose and starch against the elution volume

-0.5 —> volume applied to column missing from caption
-1.0 —> wavelength of assays missing from caption
—> column specifics (Sephadex G-25) missing from caption
—> average volume missing from caption
 (
+2 BONUS: two separate y-axes
)—> concentration of standards missing from caption
Figure 1.  Relative concentrations of glucose and starch (mg/mL) over accumulated elution volumes for a total of 15 fractions isolated via gel filtration chromatography. The concentration values are calculated and retrieved from Table #2 which are plotted against the accumulated elution volume on this secondary axis graph, showcasing the relative instance of when the molecule exited the column. Each fraction’s volume 1 to 15 have been plotted on the x-axis.
-1.0 —> explicitly state expectations and THEN compare experimental results!
The graph illustrates the relative distribution of carbohydrate concentration based on elution volumes for each  1 to 15 fractions. This is seen by the peaks of this secondary axis graph for both glucose and starch. Ideally the glucose peak would be higher than the one for stomach due to its smaller molecular size taking longer to leave the hydrated  beads in the column, but since the fraction 1 anomaly is quite high it distorts the graph. Regardless, the main interpretation lies in the distribution of the starch peaking exiting into the fractions earlier than that of the glucose denoting the elution volume for starch to be 18.0mL and 32.4 for glucose. This is confirmed by the glucose and starch assays done above in table#2.

10.5 / 10.5 R6. Average Distribution Coefficient Givens:
 (
(!"!!")
)Via Equation [10] □ 𝑉! = 𝜋(𝑑/2)!ℎ; and Equation [9] □ 𝑘!" = (!"!!")
Where,
 (
!"
!
)𝑉!  =  𝜋(1 𝑐𝑚/2)!(45.5 𝑐𝑚)
𝑉!  =	𝜋  ≃ 35.73561643 𝑐𝑚! 𝑜𝑟 𝑚𝐿; 𝑉! =  15 𝑚𝑙 , 𝑉! =  18 𝑚𝐿 (𝑆𝑡𝑎𝑟𝑐ℎ) 32.4 𝑚𝐿 (𝐺𝑙𝑢𝑐𝑜𝑠𝑒)

Average Distribution Coefficient (Kav)  For Glucose:	Average Distribution Coefficient (Kav) For Starch:



𝑘!"

𝑘!"

= (𝑉𝑒 − 𝑉𝑜)
(𝑉𝑡 − 𝑉𝑜)
=	(32.4𝑚𝐿 − 15𝑚𝐿)
(35.73561643 𝑚𝐿 − 15𝑚𝐿)


𝑘!"

𝑘!"

= (𝑉𝑒 − 𝑉𝑜)
(𝑉𝑡 − 𝑉𝑜)
=	(18𝑚𝐿 − 15𝑚𝐿)
(35.73461643 − 15𝑚𝐿)

𝑘!" = 0.8391358925
Therefore, the average distribution coefficient for glucose is 0.8391358925.

𝑘!" = 0.1446786022
Therefore, the average distribution coefficient for Starch  is 0.1446786022.

The corresponding values for the average distribution are expected. Since starch compared to glucose is a very large molecule it’s Kav or Kd would be close to 0 meaning at the pore size limit the volume of elution would roughly be equal to that of the void volume of 15 mL which is it at 18mL. The reason being that goes above and the Kav is not exactly 0 is due to the fact that not all the volume is available to the solute. Similarly, for small molecules the Kav/Kd
= 1, where glucose is 0.839 which is pretty good considering it is often about 0.8 due to again not all the volume being
available to the solute.
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R7. Estimation of Recovery Yield%. Givens:
𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒

WHY ARE YOU CALCULATING THE AVERAGE

-1.0 —> incorrect exp. yield formula
-1.0 —> incorrect exp. yield values

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 (%) =

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑉𝑎𝑙𝑢𝑒	×100

-1.0 —> incorrect/invalid yield values

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑉𝑎𝑙𝑢𝑒: (𝐶!)(𝑉!"!#!$% !"#$%&'/!"#$%! !"#$%&') ; 𝑉!"!#!$% !"#$%&'/!"#$%! !"#$%&' = 0.5 𝑚𝑙

Glucose Recovery Yield:

Co = 46.89391304mg/mL
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑉𝑎𝑙𝑢𝑒
= (46.89391304 𝑚𝑔/𝑚𝐿)(0.5 𝑚𝐿)
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 = 23.44695652 𝑚𝑔
𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒  =  𝑆𝑢𝑚 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝑚𝑎𝑠𝑠/15
𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒  = 2.6352 𝑚𝑔

Starch Recovery Yield:

Co = 0.9616921269mg/mL
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑉𝑎𝑙𝑢𝑒
= (0.9616921269 𝑚𝑔/𝑚𝐿)(0.5 𝑚𝐿)
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 = 0.4808460635 𝑚𝑔
𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒  =  𝑆𝑢𝑚 𝑆𝑡𝑎𝑟𝑐ℎ 𝑚𝑎𝑠𝑠/15
𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒  = 0.02792009 𝑚𝑔



 (
2.
6352 
𝑚𝑔
23.
44695652
)𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 (%) =
𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 (%) =11.23898531% Therefore, glucose had a yield of 11.2%.

×100

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 (%) =
 (
0.
02792009 
𝑚𝑔
0.
4808460635
)𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 (%) =5.806450779% Therefore, starch has a yield of 5.8%.

×100


The resulting percent yields are quite low compared to optimal conditions of 100%. Of course, this entails some form of experimental error. Potential sources of error include incorrect fraction volumes or not being the same ideally.
Offsets in the volume can greatly influence dilution (if one diluted them, which was done with water) impacting the absorbance of light via spectrophotometer. This results in a lower absorbance value and if the absorbance value is low proportionally the concentration value will also be low. Thus, this may explain the significantly low sum mass for both glucose and starch compared to that of the theoretical value. Another source of error may lie with the initial aliquot of the carbohydrate mixture’s concentration calculation. If that value is off, then the succeeding calculations may as a result carry over. This could be due to the absorbance value being too high, possibly due to again improper measuring  of volumes via pipetting or incorrect blanking of the spectrometer, which is utilized in the calculation of the concentration. Another very unlikely but still possible is the selective diffusion time not being enough for molecules to transfer over but the data indicates otherwise, thus, improper measuring of fraction volumes is more plausible.
Note: Data has been provided for the following absorbance values.

Absorbance for the glucose standard (exp. 3, tube b) = 0.575 Absorbance for the initial mixture (exp. 3, tube d) = 0.749 Absorbance for the starch standard (exp. 4, tube c) = 0.815


Note#2: This whole report was completed in google Docs after exportation into a word format the file has been distorted a bit including font difference. Have tried to change all the details but will take too long.
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