BIOLOGY – Activity



           Name_____________________ 

Modeling Carbohydrates                                                              

INTRODUCTION


Carbohydrates are chemical compounds that contain carbon (C), hydrogen (H),

and oxygen (O). An important group of carbohydrates are the saccharides, more commonly known as sugars.  The many different types of sugars can be grouped into three main categories: monosaccharides, disaccharides, and polysaccharides.  The prefix mono- means 1, the prefix di- means 2, and the prefix poly- means many. Molecular formulas can be written for molecules of carbohydrates to show the kinds and numbers of each atom in the molecule. An example would be C12H22O11. The subscripts 12, 22, and 11 show the number of carbon, hydrogen, and oxygen atoms in the molecule. Structural formulas can also be drawn to show how the atoms in the molecule are bonded together. An example of a structural formula is shown below. 
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OBJECTIVE

To determine the molecular characteristics of carbohydrates

MATERIALS


scissors


paper models of glucose, galactose, and fructose


glue


cardstock

PROCEDURE

Monosaccharides   ( simple sugars )

Examine the structural formulas and the corresponding models for the three monosaccharides on the last page of this packet. These models do not represent the true three-dimensional shapes of the molecules. They are used to illustrate that the individual molecules of carbohydrates do differ from one another in general structural shape. They may also be used to show how it is possible for single molecules to join together to form different and more complex carbohydrates.

1.  What three elements are present in monosaccharides?

__________________










__________________










__________________

2.  How many atoms of carbon are there in a molecule of glucose?   __________________

3.  Add the proper subscripts to complete the molecular formulas

     for glucose, galactose, and fructose below.



C    H    O

C   H   O

C   H   O



(glucose)

(galactose)

(fructose)

4.  For each of the monosaccharides above, what is the ratio of hydrogen to oxygen?___________________

5.  How does the ratio of hydrogen to oxygen in a monosaccharide compare to the ratio

     of hydrogen to oxygen in water?___________________

6.  How does the structural formula for galactose differ from that of glucose? _____________________
________________________________________________________________

7.  Why do you think the model for galactose is a different shape from the model for

      glucose or fructose?


___________________________________________________________________

8.  Molecules of different monosaccharides may have the same molecular formula but

      a different molecular shape. This is know as isomerism. Explain how two molecules

     could have the same molecular formula but different shapes.


________________________________________________________________
Disaccharides  ( double sugars )

Two monosaccharide sugar molecules can join together chemically to form a larger carbohydrate molecule called a disaccharide or double sugar. By chemically joining a glucose molecule with another glucose molecule, a double sugar called maltose is formed. By joining a glucose molecule with a fructose molecule, a disaccharide called sucrose is formed. When a glucose molecule joins with a galactose molecule, a sugar called lactose is formed.

9.  Use scissors to cut out a glucose and a fructose model from the handout provided. Cut along  

     the solid lines only. Place the cutouts on the table next to each other and look to see how

     they might be joined together. Explain how you think they might join together.


____________________________________________________________________


____________________________________________________________________   

10.  In order to join the two sugar molecules, cut along the dotted lines to remove an –OH
       group from the end of one model and an –H group from the end of the other model. Save 

       -H and –OH cutouts as well as the two sugar models. Link the two sugar models together

       and glue them neatly near the top of the cardstock provided. Link the –H and –OH
       together and glue them to the right of the disaccharide model you made. What familiar

       molecule did you make by joining the –H and –OH units together? ______________

11.  Construct another double sugar by cutting out two glucose models and joining them

       together as you did with the glucose and fructose models. Glue this disaccharide on

       the cardstock just below the previous one, along with the HOH group that was

       removed and formed. What is the name of this disaccharide? What is the name of

       the first disaccharide you made? _________________________
12.  Proceeding as before, construct a model of a lactose molecule and glue it to the

       cardstock below the other two disaccharides you have made. Label the sugar

       molecules you have glued to the cardstock.

13.  Add the proper subscripts to complete the molecular formula for sucrose and

       and maltose below. Use the structural formulas of their components as a guide

       and remember that HOH was lost.




C   H   O


C   H   O



             (sucrose)


  (maltose)

14.  What do the names of all sugars seem to have in common?     ______________________

15.  What is the ratio of hydrogen to oxygen in a typical disaccharide?    _________________

16.  Does isomerism exist in disaccharides?  Explain.    _______________________________


______________________________________________________________________


______________________________________________________________________

Polysaccharides  ( complex sugars )

Just as double sugars were formed from two monosaccharides, complex carbohydrates can be

formed by joining together 8 or more simple sugars. Starch (glycogen in animals) and

cellulose are two of the most common polysaccharides, consisting of long and sometimes

branched chains of monosaccharides joined together.

17.  Although starch may consist of hundreds of glucose molecules, construct a portion of a

       starch molecule by cutting out and joining together 3 glucose models. Glue this model

       to your cardstock below the sugar models you have made and label it “beginning of a

       starch molecule”.

18.  What must be removed from the glucose molecules in order to join them?______________
19.  Using only the “middle’ glucose molecule of your starch model, determine the

       molecular formula of starch. Remember that a molecule of HOH has been removed 

       from the middle glucose molecule when it joined to the others. Add subscripts to the

       symbols below to complete the formula.






C    H    O






   (starch)

20.  How does the ratio of hydrogen atoms to oxygen atoms in starch compare to the

       ratios in simple sugars and disaccharides?

            __________________________________________________________________

ANALYSIS

1.  What three elements make up all carbohydrates?   _______________________________


____________________________________________________________________

2.  What small molecules make up all disaccharides?  _______________________________


____________________________________________________________________

3.  Synthesis means putting together and dehydration means loss of water. Explain why

      chemists refer to the formation of disaccharides as a dehydration synthesis reaction.


____________________________________________________________________


____________________________________________________________________

4.  The word carbohydrate is derived from the words carbon and water (hydrate). Explain

      why this term correctly describes this group of chemicals.


_____________________________________________________________________


_____________________________________________________________________

5.  What is the difference between a structural formula and a molecular formula?


_____________________________________________________________________


_____________________________________________________________________
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