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NAME (Print): _____________________________

SIGNATURE: _____________________________

Please Note:  This test may be a bit long, but there is a reason.  I would like to give you a lot 
of little questions, so you can find ones you can answer and show me what you know, rather 
than just a few questions that may be testing the one thing you forgot.  I recommend you 
look the exam over and answer the questions you are sure of first, then go back and try 
to figure out the rest.  Also make sure to look at the point totals on the questions as a 
guide to help budget your time.

Please print the 
first three letters 
of your last name 
in the three boxes

You must have your answers written in 
PERMANENT ink if you want a regrade!!!!  This 
means no test written in pencil or ERASABLE INK 
will be regraded.

Please note: We routinely xerox a number of exams following initial grading to 
guard against receiving altered answers during the regrading process.

FINALLY, DUE TO SOME UNFORTUNATE RECENT INCIDENCTS YOU ARE NOT 
ALLOWED TO INTERACT WITH YOUR CELL PHONE IN ANY WAY. IF YOU 
TOUCH YOUR CELL PHONE DURING THE EXAM YOU WILL GET A "0" NO 
MATTER WHAT YOU ARE DOING WITH THE PHONE. PUT IT AWAY AND LEAVE 
IT THERE!!!
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The core values of the University of Texas at Austin are learning, discovery, freedom, 
leadership, individual opportunity, and responsibility. Each member of the University is 
expected to uphold these values through integrity, honesty, trust, fairness, and respect 
toward peers and community.
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The first semester of Organic Chemistry is a journey that begins with a review of material you have 
seen, transitions to the study of organic molecules, then settles in with a long discussion of reactions 
and their mechanisms.  The pace accelerates through the chapters until we finish with the chemistry of 
epoxides.  Solving organic synthesis problems requires not only a firm command of the many reactions 
and mechanisms we have presented, but also high level problem solving skills and a spark of creativity. 
You have all come a long way since late August when you first came to class.  It is my sincere hope 
that this final serves to affirm that you have completed this journey successfully and caught the Organic 
Chemistry wave!  

As you go through the test, use good test taking strategy by:
        1) Remaining as relaxed and calm as possible       
        2) Working problems worth the most points first
        3) Concentrate on finishing all the problems you are most certain about  
        4) Leave the ones you have doubts about for last
        5) Do not second guess yourself

   
Have a safe holiday and remember to exercise every chance you get. 
 If you stay in shape throughout your life, you will thank yourself 
more than you can imagine!!!

Brent Iverson



Use this page to write down your roadmap if you would like.



Use this page for scratch if you would like.  For your reference, here are the Golden Rules of Chemistry:

1. Atoms prefer filled valence shells. 2. The most important question in chemistry is "Where are the electrons?" 3. Nature hates
unpaired electrons. 4. Nature hates localized charges. 5. Most reactions involve nucleophiles (molecules with a location of particularly
high electron density) attacking electrophiles (molecules with a location of particularly low electron density). 6. Steric interactions
(atoms bumping into each other) can prevent reactions by keeping the reactive atoms away from each other. 7. Pi electrons prefer to be
delocalized over as many adjacent sp2 hybridized atoms (or sp1 hybridized atoms in some cases) as possible, and aromaticity is the
most stable form of pi electron delocalization.
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1.   (5 pts)  What is the most important question in organic chemistry?

Signature_________________________

Where are the electrons?

2.  (10 pts) Amides are best represented as the hybrid of three contributing structures.  Draw the second 
and third important contributing structures in the spaces provided, including all lone pairs and formal 
charges. For the two structures on the left in each problem, use arrows to indicate the movement of 
electrons to give the structures you drew.  There is no need to draw any circles around any of these 
contributing strucures. You might want to read these directions again to make sure you know what we 
want
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3. (14 points) Suppose a relative of yours is having an MRI.  In no more than four sentences, explain to 
them what is happening when they have the MRI scan.  We will be looking for a minumum of 7 key 
points here and your ansswer should match a recent Rule of the Day.

The popular medical diagnostic technique of magnetic resonance
imaging (MRI) is based on the same principles as NMR, namely 
the flipping (i.e. resonance) of nuclear spins of protons by radio
frequency irradiation when a patient is placed in a strong 
magnetic field. Magnetic field gradients are used to gain imaging 
information, and rotation of the gradient around the center of 
the object gives imaging in an entire plane (i.e. slice inside 
patient). In an MRI image, you are looking at individual slices that 
when stacked make up the three-dimensional image of relative 
amounts of protons, especially the protons from water and fat, 
in the different tissues.



4.  (1 pts each)   Below is the structure of the antibiotic tetracycline.  In the rectangles provided, 
indicate the type of bond and the hybridized orbitals that overlap to form the bond. For example, one 
answer could be:σCsp3-H1s
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σCsp2-Osp2

σCsp2-Csp3

πC2p-O2p

N
H3C CH3
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5.  (1 pt each)  On the above structure of tetraycline, the stereochemistry is not indicated. On the 
above structure indicate EACH CHIRAL CENTER WITH AN ASTERISK (*).

*
*

*
*

* *

*

6. (5 pts).  Tetracycline is sold as a single stereoisomer.  How many possible stereoisomers are 
there for tetracycline?  It is OK to leave your answer in the form of an exponential.  No need to 
multiply it out.

28 =   256

sp2

sp3

sp2

sp3

Next, in the circles provided, write the hybridization state of the atoms indicated with the arrows.

*
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7.  (1 pt each) Circle all the True statements.  (Do not circle any false statements)  You may notice 
these resemble Rules of the Day!  These are worth a significant number of points, so read them 
carefully and do not second guess yourself.  We are not trying to trick you into the wrong answer.

A. For organic chemistry, it is best to think of electron density as particles, described by particle equations 
such as Kepler's laws of motion, which were recently passed as part of the economic bailout legislation.

B.  For organic chemistry, it is best to think of electron density as waves, described by wave equations 
(NOT discrete particles orbiting the nucleus!)

C. The preferred staggered conformation of butane is referred to as "gotcha", rather than the "anti" or 
"eclipsed" conformation.

D. Diastereomers are stereoisomers that are not enantiomers.

E. There is an absolute link between "R" and "S", "D" and "L" and "+" and "-", because "R" is always 
"D" and "+" , while "S" is always "L" and  "-".

F. Substituted cyclohexanes prefer (i.e. are lower in energy) to have as many substituents in equatorial 
positions as possible, with the larger substituents dominating.

G. Samples of enantiomers rotate the plane of plane polarized light to an equal extent, but in opposite 
directions.

H. Anti stereochemistry of addition means that the atoms add to either side of a C=C double bond, syn 
means they add to the same side, and mixed means they add both syn and anti in the same reaction.

I. Bulky groups (who obviously used performance enhancing steroids) on the back of an alkyl halide 
increase non-bonded interaction strain, and thereby accelerate an SN2 reaction.

J. Because of the electron density of the pi bond, alkenes react as nucleophiles to make new bonds with 
molecules containing high partial positive charge (electrophiles).

O. Running 3-5 miles a week EVERY WEEK as an adult dramatically increases your fitness level and 
improves your heatlh throughout your life.  Doing this and enjoying a healthy life is even more important 
than getting an A on this organic final!

K. If electromagnetic energy of the precise energy diffence between the +1/2 and -1/2 spins states is 
used to irradiate the sample, the energy is absorbed as the spin "flips" from the +1/2 state to the -1/2 state.

L. A 1H nucleus surrounded by greater electron density is considered to be more shielded and comes 
into resonance (absorbs electromgnetic radiation) at a higher frequency (larger ppm).

M. A 1H nucleus surrounded by greater electron density is considered to be more shielded and comes 
into resonance (absorbs electromgnetic radiation) at a lower frequency (smaller ppm).

N. "Resonance" in NMR refers to the phenomenon of absorption of energy when a nuclear spin "flips".
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8. (15 pts total) On the following three pages there are NMR spectra.  The relative integrations are 
given above each signal.  Assign each spectra to the appropriate structure out of the following 
possibilities.  Each NMR spectrum has a letter on it.  Write the appropriate letter underneath the 
molecules in the space provided.  Notice that not all of the molecules below will have letters 
underneath them, as there are only three spectra but seven molecules.
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9.  (4 pts)  Rank the following with respect to relative acidity.  Put a 1 under the molecule that is most 
acidic, and a 4 under the molecule that is least acidic.  Remember, the 1 goes under the MOST 
acidic!
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11. (4 pts) Stability of alkenes: Place a 1 under the most stable (i.e. most favored Zaitzev product) 
and a 4 under the least stable (least stable Zaitzev product) alkene

C C
CH3

CH3H

H3C

3 (cis) 1 4 2 (trans)relative 
 rank:

relative 
rank:

12. (4 pts total)  For the following compounds, rank them in order of highest to lowest boiling point, 
with a 1 under the molecule with the highest boiling point and a 4 under the molecule with the 
lowest boiling point.

4 3 21

Cl OH
HO

OH

Are you sure you ranked them in the correct order according to the directions????

relative 
 rank:

10. (4 pts total)  For the following series of compounds, rank them in order of most to least 
  stable cation by writing a 1 under the most stable all the way to a 4 under the least stable.

24 1 3
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13.  (7 pts) Complete the following structure by adding appropriate numbers of lone pair 
electrons, H atoms, and formal charges to the atoms in the boxes.  You must adjust your answers to 
indicate the predominant species at pH 2.   This problem is testing your understanding of the 
relationship of protonation state to pH to pKa values for certain functional groups we have discussed.  
Next, in the space provided, write the overall charge on the molecule at pH 2.  For your reference, 
here are the relavant pKa vaules:

pKa  = 4.76
pKa  = 10.64 pKa  = 15.9

+2

pKa  = 15.7

pH = 2

Total charge on molecule:______

14. (4 pts)  Using the pKa information from above (Problem 13), draw the predominant form of the 
following molecule (the amino acid serine) when it is mixed with exactly one equivalent of NaOH.  
In other words, when equal numbers of each kind of molecule are mixed.

+   1 NaOH +  Na   +    H2O

15. (8 pts)  In the two spaces below, draw the two equilibrating chair structures for the following 
cyclohexane derivative.  Circle the one that predominates at equilibrium.

1
2

3
4

5
6 1

234
5 6 123

4
5

6

(a)

O
H

(e)

H

H

CH3

OH

H3C
CH3

OHCH3
(a)(a)

(e) CH3HO

H3C
(e)



16. (8 pts) On the line provided, state the stereochemical relationship between each pair of molecules: 
enantiomers, diastereomers, or the same molecule.  I recommend you assign R and S to each chiral 
center to help answer this question.  Circle all meso compounds.

Relationship

H

HO OH
Cl

Cl
H

OH

Cl Cl
H

H
HO

Same MoleculeR

R

R

R

Signature_________________________ Pg 10 _____________(21)

17.  (13 pts) For the following reactions, draw the predominant product(s), and in the box over the arrow, 
write the predominant mechanism(s) (SN2, E2 or  SN1/E1)
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Cl Cl
OH
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H

Diastereomers
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S

S

S

Meso

O OHHOH2C

HO

OH

OH

O OHHOH2C

HO

OH

OH

S
S

S

RRRS
RR

S
Enantiomers

Br +    NaOCH2CH3 O

+    NaOH

E2
Br

Br

+    CH3OH

SN1 / E1

OCH3

OCH3

SN2

Note that in reality there would be some cation rearragement 
in this SN1 reaction, but we are ignoring that for this problem.



18.  Shown below are four different energy diagrams.  Each is labeled with a letter.  Use these letters 
to answer questions at the bottom of the next two mechanism questions.
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19. (22 pts.) Read these directions carefully.  Read these directions carefully. (It was worth repeating)  
For the reaction of this alcohol with HBr, fill in the details of the mechanism.  Draw the appropriate 
chemical structures and use an arrow to show how pairs of electrons are moved to make and break 
bonds during the reaction.  For this question, you must draw all molecules produced in each step (yes, 
these equations need to be balanced!).  Finally, fill in the boxes adjacent to the arrows with the type 
of step involved, such as "Make a bond" or "Take a proton away".  MAKE SURE TO NOTICE 
THE QUESTIONS AT THE BOTTOM.  Use wedges and dashes to indicate stereochemistry where 
appropriate, BUT if an intermediate or product is really a racemic mixture, you only need to draw 
one enantiomer for this problem (we are making this easier for you).

Product(s)

Break a bond to 
make a stable 

molecule or ion

H
C

C
C

H

HC
C

Br

NOTICE THESE

Add a proton
H

O H

H H H
H

H

H

HH
H

C
C

C
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C H

O H

H H H
H
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H

H
H Br

H
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C
C

H

HC
C H

H H H
H
H

H

H
O HH

Rearrangement

C
C

C
C

H

HC
H

H H

H
H

H

H
H

H

Make a bond between 
a nucleophile and an 

electrophile
Br

Br
C

C
C

H

HC
C H

H H H
H

H

H

HH

2° cation

3° cation

A) Asssuming that 1 equivalent of HBr were used, 
during the reaction, would the pH rise, fall, or stay the 
same.  In one sentence, explain your answer.

B) Of the four energy diagrams listed on the page 
11, which one best describes the reaction 
mechanism you drew:

The pH would rise because the protons from the 
acid HBr are consumed in the reaction, producing 
water, a neutral molecule.

D
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20. (25 pts.) For the reaction of this epoxide with methanol in acid, fill in the details of the 
mechanism.  Draw the appropriate chemical structures and use arrows to show how pairs of 
electrons are moved to make and break bonds during the reaction.  For this question, you must draw 
all molecules produced in each step (yes, these equations need to be balanced!).  Finally, fill in the 
boxes adjacent to the arrows with the type of step involved, such as "Make a bond" or "Take a 
proton away".  MAKE SURE TO NOTICE THE QUESTIONS AT THE BOTTOM.  Use wedges 
and dashes to indicate stereochemistry where appropriate, BUT if an intermediate or product is 
really a racemic mixture, you only need to draw one enantiomer for this problem (we are making 
this easier for you).

Product(s)

O
CH3H

O
CH3H

C C

O

H CH2CH3

H CH3

H

O
CH3H

C C

O

H CH2CH3

H CH3

H

C C

O

O

H
H CH2CH3

CH3

CH3H

H
C C

O

O

H
H CH2CH3

CH3

CH3

H

O
CH3H

H

add a 
proton

make a bond between 
a nucleophile and 

electrophile

take a proton 
away

H3C O

H

A) (2 pts) During the reaction, would the pH rise, fall, or stay the same.  In one sentence, explain your 
answer.

B) (2 pts) Of the four energy diagrams listed on page 11, which one best describes the reaction 
mechanism you drew: C

The pH would stay the same because acid is a catalyst here.

C) (4 pts) For this part of the question, ignore all proton transfer steps.  For each step that involves a 
nucleophile reacting with an electrophile, draw a circle around the nucleophile and a box around the 
electrophile.

NOTICE ALL THREE PARTS OF THIS (A-C)
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1) Hg(OAc)2  
     H2O

2) NaBH4
OH

OH

racemic

CH3CO3H

H2

Ni°

21. (3 or 5 pts each)  For the following, complete the reactions with the predominant product or 
products.  You must indicate stereochemistry with wedges and dashes.  You must draw all 
stereoisomers produced as predominant products and write "racemic" under the structures when 
appropriate.  Assume no rearrangments take place.

racemic

O

O
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22. (3 or 5 pts each)  For the following, complete the reactions with the predominant product or 
products.  You must indicate stereochemistry with wedges and dashes.  You must draw all 
stereoisomers produced as predominant products and write "racemic" under the structures when 
appropriate.  Assume no rearrangments take place.

Br NaN3

PBr3

OH

N3

MeSO2Cl

H2CrO4

O

H
2 SO

4

OSO2CH3

OH

NaN 3

N3

H2CrO4

PCC

H 2O

OH

O

OH

OH

OH

OH

H

O

1) O
sO 4

2) N
aSO 3H

racemic

syn
addition

NBS

hν Br

NaN3

N3

DO NOT GUESS THE NUMBER OF 
PRODUCTS BASED ON BOX SIZE!!!

inversion

inversion inversion
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23. (3, 5 or 6 pts each)  For the following, complete the reactions with the predominant product 
or products.  You must indicate stereochemistry with wedges and dashes.  You must draw all 
stereoisomers produced as predominant products and write "racemic" under the structures when 
appropriate.  Assume no rearrangments take place.

S
CH3

OCH3

CN

OCH3

CH3SH

NaCN

CH3OH

NaO
H

Br

NaSCH3

S
CH3

scrambled

E2

SN1

E1

Br

H

H

O

1) NaNH2

2)

1) (sia)2BH
2) H2O2 / HO

H2

Lindlar
Catalyst

NH3

Na°

SN2

SN2

SN2

heat
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Br2

Br2

24.  These are synthesis questions.  You need to show how the starting material can be converted into the 
product(s) shown.  You may use any reactions we have learned provided that the product(s) you draw for 
each step is/are the predominant one(s).  Show all the reagents you need.  Show each molecule 
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry 
preferences for each reaction. You must draw all stereoisomers formed, and use wedges and dashes to 
indicate chirality at each chiral center.  Write racemic when appropriate.

?
A)  (10 pts)

hν

Recognize this 
alkyne as coming 
from the reaction of 
a vicinal dihalide 
with NaNH2..  In 
other words, this 
problem is just a 
trip on "I-35" on 
your roadmap.

E2

( racemic)

Br Br
Br

Br

2 NaNH2

meso

?B)  (7 pts)

H

O

Br OH

Br2
hν

NaOH

PCC

Recognize this 
product as an 
aldehyde.  The only 
reaction you know 
that produces an 
aldehyde is PCC 
starting with a 
primary alcohol or 
ozonolysis starting 
with an alkene.  We 
did not break any 
C=C bonds, so go 
with PCC.

Recognize the only 
reaction that starts 
with an alkane is 
free radical 
halogenation.

Recognize the only 
reaction that starts 
with an alkane is 
free radical 
halogenation.

KOtBu
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24 (cont.)  These are synthesis questions.  You need to show how the starting material can be converted 
into the product(s) shown.  You may use any reactions we have learned provided that the product(s) you 
draw for each step is/are the predominant one(s).  Show all the reagents you need.  Show each molecule 
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry 
preferences for each reaction. You must draw all stereoisomers formed, and use wedges and dashes to 
indicate chirality at each chiral center.  Write racemic when appropriate.  All the carbons of the product 
must come from carbons of the starting material.

?
C)  (21 pts)

H2C CH2

Br
Br

HH

Br

H

H

Br2

1) 3 NaNH2
2) H2O

NaNH2
NaNH2

HBr

SN2

Na° 
NH3

Br SN2

Recognize that this molecule can be assembled from three different 2-carbon pieces, using the alkyne 
alkylation strategy each time.  Therefore, an alkyne is required, so recognize that the last step must be the 
reduction of the alkyne group using Na° and NH3 to give the E-alkene product.  The rest is standard 
chemistry at this point.
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24 (cont).)  These are synthesis questions.  You need to show how the starting material can be converted 
into the product(s) shown.  You may use any reactions we have learned provided that the product(s) you 
draw for each step is/are the predominant one(s).  Show all the reagents you need.  Show each molecule 
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry 
preferences for each reaction. You must draw all stereoisomers formed, and use wedges and dashes to 
indicate chirality at each chiral center.  Write racemic when appropriate.  All the carbons of the product 
must come from carbons of the starting material.

?
D)  (16 pts)

O O

O O

OHOH

O

Br

racemic

racemic

H2CrO4

OH

Br2
hν

CH3CO3H

1) BH3
2) H2O2 / NaOH

H2SO4 (cat.)

+

KOtBu

or PCC

O O

This step could also use the 
propoxide in 1-propanol.  
The products are the same 
in this case.

Recognize the product as having a ketone, which in this class can only be made through ozonolysis of an 
alkene or oxidation of an alcohol.  We can rule out ozonolysis because counting carbons makes it clear 
there are no C-C bonds broken, thus propose the last step as an oxidation of the alcohol.  The hard part of 
this synthesis is to recognize that to make the vicinal ether-alcohol in high yield you must use  1-
propanol to open an epoxide in either acid (shown) or basic conditions.  Alkylating a vicinal diol would 
not work for this because the yield would be seriously compromised by creating a statistical mixture of 
products.  The rest of the required chemistry is fairly straitforward.



25.  (12 pts) As we emphasized at the end of the semester, a key paradigm in organic chemistry is that 
reactions of functional groups work the same in complex molecules as they do in the simpler molecules 
we usually examine in first semester courses.  The following complex molecules and reactions were used 
in actual syntheses.  In the space provided, write the reagents that will produce the transformation shown.
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26.  In reflecting over the semester, it occurs to me that I have not given you ample opportunity to identify
functional groups in complex molecules.  This is important because, as emphasized on the previous page, the
key paradigm in organic chemistry is that a functional group will react the same in complex molecules as it does
in simpler ones.  For this reason, most textbooks, including ours, is organized around the different functional
groups.  This semester we have covered the properties and reactions of alkenes, alkynes, haloalkanes, alcohols,
thiols, and ethers.  We also talked about other functional groups such as aldehydes, ketones, amides and
carboxylic acids.  It is important that you can recognize these functional groups whenever you encounter them.
Below is an important biological molecules and you will be asked to identify functional groups.  I have seen
similar types of questions on real MCAT exams.

Protaglandins are molecules found in low concentration in the bloodstream, but they regulate important
complex functions such as smooth muscle contraction and blood pressure.  Following is the structure of a
prostaglandin named prostaglandin E2 (PGE2)

HO

O

OH

O

OH

Prostaglandin E2 (PGE2)

For the following multiple choice questions, circle the correct answer.

Circle the answer that best describes the functional groups in prostaglandin E2

A) Three alcohol groups, two ketones and two alkenes
B) Two alcohol groups, a ketone, a carboxylic acid and two alkenes
C) Three alcohols, an aldehyde, a ketone and two alkenes
D) Three alcohols, a ketone and a partridge in a pear tree.

How many total stereoisomers are possible for the prostaglandin E2 molecule?

A) 24

B) 25

C) 26  (There are 4 chiral centers and 2 alkenes that can be either E or Z).
D) 27
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27. Every once in a great while a discovery comes along that changes how chemists think about chemical
structure.  Such an event occurred over the past decade in which it was determined that our understanding of
hybridization in many compounds containing sulfur and phosphorus was previously inaccurate.  As a result,
most of the chemical literature and textbooks have misleading structures.  Phosphorus and sulfur are second
row elements, so their bonding was thought to involve d orbitals.  For that reason, it is common to see more
than four bonds to phosphorus in functional groups such as phosphodiesters (found in the DNA backbone)
and even in phosphoric acid.
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Recent calculations have convincingly shown this representation to be incorrect.  The d orbitals are not
significantly involved in bonding of the phosphorus atom in these molecules.  Instead, the phosphorus atom
in these molecules is actually sp3 hybridized and only has four single bonds, no double bonds.  For the
following multiple choice questions, circle the correct answer.
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Above are drawn structures of a phosphodiester and phosphoric acid with the appropriate hybridization at
phosphorus.  I intentionally left off the formal charges on the atoms.  Which of the following four
possibilities best describes the formal charges present on the O and P atoms of the phosphodiester assuming
sp3 hybridization?
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It turns out that the same applies to sufur atom hybrdization in molecules such as sulfuric acid.
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Assuming that the sulfur atom in sulfuric acid is sp3 hybridized as shown above, what is the formal charge
on sulfur?
A) –1            B) neutral (no formal charge)           C) +1           D) +2


