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* Work all problems to 3 significant figures

* No lecture notes or books permitted

= No word processing calculators

* Time: 90 minutes

* Show all work to get partial credit

* Periodic Table, Table of Physical Constants/Conversion Factors, and Standard Electrochemical
Potentials included at back of exam

* You should have a total of 10 pages in this booklet (including this page)!



Chemistry 1B SU’12, Final Exam Part 1 Name

Multiple Choice Answer Sheet (3 points each):

LB




Chemistry 1B SU’12, Final Exam Part 1 Name 3

Multiple Choice Section. Answer each of the following questions and list your answers on
page 2 in the space provided. Each multiple-choice question is worth 3 points.

-

Consider the HF" molecule.

1. Which MO diagram showing 1s(H) and 2p,(F) orbitals best describes the bonding in the
lowest energy state?

2. Rank the energy of the 1s(H) and 2p,(F) orbitals relative to the newly formed molecular
orbitals above (0, G y.2p)?

(A) 01,2, < I5(H) = 2p,(F) < 0", @m < I5(H) >2p(F) < 0.z,
(B) 0152]) = IS(H) = ZPZ(F) =0 [s2p ) 0'ls..'ip > lS(H) > ZPZ(F) > 0* I1s.2p
(E) Crls,?.p > lS(H) = zpz(F} >0 is2p

3. Rank the strength of the bond in HF versus HF" and versus HF?

(AJHF = HF < HF (C) HF' > HF > HF
) HF' < HF < HF (D) HF* = HF = HF

Given the structure of Tryptophan below.
===y

H o
\\ | *'* ]
/ cz\c/c,\OH
A
H
he NH,

4. What is the hybridization of the carbons, C, and C,, respectively in this amino acid as labeled
on the structure above?

(A)bothsp  (B) both sp’ (C) both sp* pz; sp' (E) sp’; sp*

5. What is the hybridization of the carbons, C, and C,, respectively in this amino acid as labeled
on the structure above?
both sp>  (B)both sp® (C) sp’;sp* (D) sp*;sp”  (E) sp: sp

6. What is the hybridization of the oxygen, O*, in this amino acid as labeled on the structure
above?

(A) sp (B)sp’ (©) sp’ (D) dsp’ (E) d*sp’
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7. How many resonances (or signals) will there be in a "C NMR spectrum of pure ’SO]GUCHFG(}

(A)2 (B) 3 (C) 4 D)5 (o HaN ~ c; H
AN C -CH3
8. In N, how many p-orbitals from each nitrogen form the pi bond(s) in this molecule? {LH vl

(A0 (B) 1 ©» (D)3 (E) 4 CH3

9. Which of the following orbitals has the highest energy?

(E)

CH, CHzCH CH3
!

10. How many carbons are in the molecule 2,3-dibutyl-heptene? A -
HaCHCH CHy
(A)7 (B) 12 (C) 13 (D) 14 5

NOTE: Don’t forget to go back and list your answers on page 2 in the space provided!!
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Calculations Section. Please show ALL work to receive partial credit. Place your final
answers in a circle or box for clarity.

11. (25 points) (a) Poly(methyl methacrylate)} or PMMA is synthesized through the addition
polymerization reaction. Using the polymer structure below draw the starting material,

N I I I
: P ; ‘
P SO S SUNP SR S S H CHs
AN A
H C=0H =0 H =0 H =
i ; l i C=C
O-CH, ©O-CH, O-CH, O<H, | i
, c=0
H %
C““iizH_;

(b) Does this reaction require an initiator to begin polymerization of PMMA?

Nes

(c) The synthesis of polyethylene naphthalate or PEN occurs through a condensation reaction
from the two molecules shown below. Draw one repeat unit of the resulting polyethylene

naphthalate.

0

;

HO = CH,~ CH, = J

(d) Does this reaction reauire an initiator to begin polymerization of PEN?

(e) What js the mass in grams of HO-CH,-CH,-OH necessary to synthesize 10 kg of
polyethylene naphthalate? (The molar mass of the repeat unit for polyethylene naphthalate is
260.25 g/mol. The molar mass of HO-CH,-CH,-OH is 62.07 g/mol.)

s x 490009 ,‘M: ‘ i f s
10.0 kg * T.Ki;# x 310,259 3%.42 mag| repecd un

3€,42 ymal HO-CHy~ CHeo UHx %ﬁ@— \2386@ ﬂ_}

i
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12. (0 . points) The molecule CO (carbon monoxide) is formed in the partial oxidation of
gasoline in car engines, and further oxidizes to CO,. It is odorless, colorless, and extremely toxic
because it binds irreversibly to hemoglobin in the blood, leading to asphyxiation. Assume

g @ Z-axis
(a) Fill the molecular orbital diagram in the box with the correct number of electrons for CO.
— *
.k S . <} &
C= 4 electrans 7

B H o B
~H- B

0= lo electrans

~H- ok
“ B

{(b) Label each orbital in the above box as either “B” for bonding or “*” for antibonding.

(c) Sketch one of the “c)” and one of the “¢’)” orbitals (as note in orbital box above) below.

¢
£Colrecty Dalavized pain of  alumic grblfals

‘ also " gk,
1) What will happen to liquid CO when it is poured between the poles of a magnet? Explain in
1-2 sentences,

I+ vl hot sTick (diamagnetic).

(e) What is the bond_order of CO?

_R8-2 b .
BO= === 3 7| 3]
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13. (15 points) The bases in a single strand of DNA is found to be:
3’-TCGTGCACGTGAGTGCGCTTTCTCGCA-5’

“(a) Write the base sequence for the complimentary strand of m-RNA (denote which end is the 5’
and 37 ends of your base sequence).

F_AGC ACG UGC ACU CAC GCG
AAA  GAG CeU-3'

(b) Draw the structure of the peptide coded by the m-RNA. Label the side chains with the three letter
amino acid code (you do not need to draw them). Order your polyfepttde cham as it would be read

by the ribosome. Se r-Thyr- CY5~ Thiy-His- A Y 5-Giv- Ar‘j
ser g e @ Gf g g oo
HEQE%M‘CMN C“"‘“ C— N— c;mc N = ? cw%\f G- G- = CO0
S Gohomor i
(c) Would this peptide be more soluble in water or hexane? Explain.
Water

becavse ke dissolve ke . The Pcﬁlypgphde
chain 15 made of polar side chains.
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14. (10 points) The synthesis of alkenes can be completed by an elimination mechanism. The
second step in the mechanism of this reaction involves the extraction of a hydrogen from the

carbocation (pictured below, on left) by a nucleophile (pictured below, on right) to create the

alkene (CH,),CCH,.

Hew o

H,C P

Carbocation: . Nucleophile:

(a) Draw the alkene and describe each carbon-carbon bond in the molecule using hybrid orbitals.

G‘(Clép““ﬁaSEQS)

Ha 5@ \L_t_.b 0 (C, Q’P“ -Cy5pY)
TCCSP=Casp?) 1T ¢, 2p - C21p)

(b) Sketch the orbital overlap of the activated complex (the overlap of the two species above) and
label the type of orbitals from each atom that are overlapping.

vk
“H
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15. (4 points each) True/False. Confirm whether each statement below is true or false.
Explain your reasoning for each question in full sentences for full credit. Diagrams and/or
figures are also valid and sometimes very useful for full explanations, but not required.

(a) 1n the localized electron model, a double bond between two atoms is always made of | pi
bond, which is formed by hybrid orbitals and located along the center-line between two atoms.

False. Pitords are made from  unfilled/ vnhybrid

dized

P orbitals and thwe bond 15 located ghove mma
below +the 0 bond aws,

(b) When either mixing orbitals in the localized electron or molecular orbital models orbital are
always conserved.

Trye. The & ofF orbiduts you  puf mvST eguo |
the Yyou ge#' out. This s Fvve for ether
mdde | .

(c) For a diatomic molecule the higher the bond order the weaker the bond between the two
atoms.

False. Bond  order divectly reloifes o bond
strength. Thus +he  hygher The bond order
e aﬁTﬁﬁq6r e  Chemnical band.,

(d) Nuclear magnetic resonance spectroscopy can tell you about the connectivity and types of
hydrogens that are in a molecule.

True, th in formahon  (omes from The
multipli ¢i 7y and  cheymica] shifis ob Jained
from ﬁfm specira.

(e) Carbon is both the hardest and softest element.

True.
Hovdests Diamond
Soffest= Graph te, (sheefs of C shfd
rshide acwss each other)
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16. (4 points each) Short Answer. Use complete sentences in your explanations for full
credit.

(a) Name four types of intermolecular interactions that stabilize tertiary protein structures.
() Govalent bond/ Disuifide  bond
(2) lordon dispersion
(3) lon'C bonding
&) Hy dro gen  handin
(5) Dipole- dipdle Thtey QChon

(b) Why do we'use codons that are 3 bases long rather than codons that are 2 bases in length?
Pequst we need fo Code for 20 GminG atds.
And 3 codon base with 4 different  DAsES gi\féj
Us 4? or Y different apfiohs However I we had 2
n 4% hch 1 it enough o Code fev all 20 AAS
thew 4% is5 8 whith s not g

(c¢) What are you describing when you describe the quaternary structure of a protein?

A profeln complex or #how Severd]

monomers of a profein come fogether 0 a large
protein  (omplex/aggregate.

(d) Describe what type of orbitals are involved in making a triple bond in the localized electron
model (hybrid orbitals).

Triple bond = 1 o bond befween hy biid orbitals
(usually sp of bifals)

270 bondS whicth are perpendicvlar
fo eathother  formed from P orbials
(e) List four difference between DNA and m-RNA. ODOVC & below +he pf&me ot

DA oA +he o bong.
~Dovble strgnded %}@ sTranded

- Bases= A, 1,60 -Bases= A, 6,0
'Seif‘wr@p%evccdm | = NOF self- rep?;'(,q h’hﬁ
*Suga‘m d@{},xfy ribaose wSUqaw Fibes€

ey {ang (iilions bp) " smalley 100510005 bp)
~Ohfains wmanhy denes — 1 mRNA pey gene



