Chemistry 104 — Dr. Batterton
Practice Problems that may help you prepare for the 1st exam

Tony Jacob
Review material mainly o E
1. a. WhatOs the hybridization of the N marked OAO? c K’ o
b. WhatOs the angle formed by tHERC atoms marked OBO? /\, J
c. WhatOs the boodder for the bond labeled OCO? A 0 )
d. WhatOs the electron pair geometry for the C atom labeled > I FEJ) D
e. WhatOs the orbitals overlap to generate the bonds labeled OEO# T \>

a

B

f. WhatOs the molecular geometry of the O atom labeled QF(:)@—j
g. WhatOs the electron pair getsgnéor the C atom labeled OGO?

2. Given the following molecule, answer the questions.

d a 0 b
a. What is the molecular shape at the C labeled a? o
b. What is the hybridization of the C atom labeled b? o
oS

c. How many bonds are in this molecule?

d. What is the hylidization of the O atom labeled c?

e. What is the angle centered around the C labeled d?

f. What is the molecular shape around the O atom labeled c?

g. What is the hybridization of the N atom?

h. What is the molecular shape around the N atom?

i. What orbitls overlap between the N and the C that contains the double bonded O atom?
. What orbitals overlap between the O atom labeled ¢ and the C atom?

3. In this molecule are there possible resonance structures? If so, draw the resonance structure.
0}

4. a. Fbow many grams of Ng¢O, must be used to prepare 125.0ml of a 0.25molar solution?

b. Suppose 15.0ml of the solution in part OaO is diluted to a volume of 200.0ml. What is the molarity of the
solution?

5. Given the reaction 3Ca N Ca&N, if 7.55g G and 2.25g Mreact
a. What is the theoretical yield in grams ogNg?

b. Which is the limiting reactant in the reaction?

c. Which is the excess reactant?

d. What mass of the excess reagent remains at the end of the reaction?

e. If 5.75g of CaN, were reovered, what is the percent yield of the reaction?

(take a nap)



Functional groups and naming mainly
6. Identify all the functional groups in this molecule. Where appropriate, label functional groups cis/trans, o

20, or 30.
(o]

= OH
(@] (@]

- OH

7. Give the systematic name for each molecule.

On

d. )\)4/ e. OH

8. Which of the following functional groups is comnhpalassified as nonpolar?
a. alcohol b. alkene c. carboxylic acid d. amine e. none

9. Which of the following statements is incorrect? If all are correct, select answer OeO.
a. Alkanes are saturated molecules.

b. Alkenes can have both structural and geiimisomers.

c. An enantiomer pair of isomers will have the same melting points.

d. The general formula for an alkene with 1 double bong &
e

. All of the above statements are correct.

10. Which of the following functional groups does not exHhiblhonds?
a. alcohol b. ether c. carboxylic acid  d. 20 amine e. none

11. For decane, {gH,,, answer the following questions.

a. What phase do you expect this molecule to be (s, |, or g)?

b. What color do you expect this molecule to be?

c. Will this molecué be miscible (mix) with water?

d. Will this molecule be miscible (mix) with benzene?

e. Do you expect the hydrogen bonding in this molecule to be very strong, weakistent?
f. Is this molecule chiral?

g. If Br, is added, will the bromine color fadeickly?

Isomers mainly
12. cis-2-butene andrans-2-butene exist as different isomers because it is very difficult to rotate through the
double. Why is it so difficult?

13. Draw the ‘alkyne isomers of GH1o.

(watch some TV)



14. Draw the following ma@cules (note that there may be more than one possible answer)
a. An ester that is a structural isomer of pentanoic acid.

b. A ketone that is a structural isomer of cyclobutanol.

c. An alkene with the formula Elg.

d. An alcohol that is a structural isonodrdiethyl ether.

e. A cyclic compound with the formula,Bg.

15. A newly synthesized ester has the molecular formulgld@,. Draw all isomers of this compound that
are esters.

16. Given GHgO, draw a compound that contains

a. both an alcohol andkaine b. both an ether and an alkene c. a cyclic ether d. a cyclic alcohol
(Note: There are many different possible answers to each of the above questions.)

17. How many chiral carbons does the molecule below have?
H__O
*

H—C—H
HO—&—H
HO—C—H

H—C—oH

|
H—C—H

o” 'H
18. a. Using the formula, £yCl, draw a chiral molecule.
b. Using the formula, §150,, draw all the ester isomers.
c. Using the formula, £HgCl, draw a 4membered ring isomer that is chiral.
d. Using the formula, §HsCl, draw arrans-alkene molecule.
e. Draw all the isomers with the foula GH-CI that contain @enzene ringhint = 4 isomers)

19. Using the formula §Hq,, draw andname all the 5carbon chain isomers, both structural and geomeiic.

not include isomers that contain a cyclic component or a carbon chain length athés darbons long. (Hint:
8 isomers.)

Reactions mainly

20. Write the balanced molecular equation for each of the following; use molecular formulas.
a. Write the balanced reaction for the complete combustion heptene.

b. Write the balanced reaction for tb@emplete combustion-gropanol.

21. a. A molecule with the formula,8,g can undergaeonochlorination in the presence of UV light and
generates 4 products. Draw the 4 structural isomers of this reaction. b. Which of these products are chrial

22. Whid reaction best describes the reaction of benzene with bromine and aluminum bromide?
a. addition b. reduction c. oxidation d. condensation e. substitution

23. A 4membered cyclic molecule with the formulgHG o undergoesnonochlorination using UV light & a
catalyst. Draw the possiblerdembered cyclic structural isomers.

(eat some pizza)



24. The following 5 structures will be used for the next question.
Cle 0 ,CH,CHj
CH3CH,CHC H,C=C_

V. OH v,

(0] (0] O

Il Il I
CHyCH,CCH; | CHCHCH | CHiCH,C—O—CH,CH,CHy CH,

a. Which of the above structures is a chiral molecule?

b. Which of the above is an aldehyde?

c. Which of the following compounds when reacted with ethanol will yield ethy¢thylbutanoate?

d. Of the following compounds, which potentially would have a pleasant odor?

e. Which of the following will change trelor of a solution that contains phenolphthalein, an acid/base
indicator?

f. Which of the above molecules can undergo an addition reaction?

g. Which of the above molecules can be formed via a condensation reaction?

25. Complete the following reactions.
o}

/{k + KOH —»
a OH

o

b. HZN/\ " )J\OH

26. Draw the alkene molecule(s) that could have been used as the reactant in the reaction with HCI such tt
this reactant(s) yield onlyre product, 3chlorohexane.

27. Which of the following molecules when exposed $$8,/Na,Cr,O; does not ract?

OH

0
CH CH,OH |
CH3CHCH,CH CH,CCH CH
L3 27 Il . AV VA 3

28. Xylene, a dimethylbenzene, is found is 3 forms: the grtheta, and paraversions. When one of these
forms of xylene is reacted with BFeBr;, reagents that will monobrominate benzene ringspdyces only 1

product. Draw the xylene that does this.

29. Draw all the products formed from tim@nochlorination of (2-methylpropyl}1-cyclohexane

30. Show the products upenmplete hydrolysis (or adding excess water) of the following chemicals.

N
0
7 0
o) N
o\
0
O\)\ O\/
a. b. ©

(take another nap)



31. Complete the following reactions by drawing all products formed, reactant(s) used, or reagents needed

H2S0,4

+ HNO3 —_—

a)\/\ + HOCl —— b.
on —
IO SN =Yg
c. N

OH

o _LiAlH,
K\H/\ H,SO,/Na,Cr,0,
@(CeSS
e.
(o]

H,S0,/Na,Cr,0,
/\H/ Y + H,0 excess Z—SO4>
2

oM

OH  H,N

H,SO, H,N OH
? + H,0 excess e N +

i

Polymers Mainly
32. a. Draw the polymer using the follogimonomer; use 3 monomer units in your polymer.

[}
HyN
C oH |dentify if it is a condensation or addition polymerization. Identify the repeating uni

b. Write the polymer reaction using styrene; use 3 styrene monomer units in your polymer. Identify whethe

thisis a condensation or addition polymerizatDij

/\/NH2 . . .
c. Write the ponmer reaction from the reaction of 2 diamines, , and 2 dicarboxylic acids,
T
0 o . Isthis a condensation or addition polymerization? Identify the repeating unit.

O, _oc
‘C Hs

d. Write the polymer reactiomdm the reaction of 3 monomer unltscd'F'C“ . Is this a condensation or
addition polymerization?
(eat a Snickers bar)



33. What monomer(s) were used to make each of the following polymers?

HO\AOWONOY@\[(OH

0 0
09 I
. HO—CH,CH,-0—C—C—0—CH,CH, -0 —C—C—0—CH,CH,—OH

OO

(o} (o} (o} o
e. Ho)J\/\o)k/\o)k/\o)k/\OH

Proteins and Fats mainly

34. When the followig triglyceride is completely hydrolyzed with water angSi@), what products are formed?
o)

HZC—O—E':—(CHZ)HCH3
o

a.

Il
HC—0O—C—(CH,),gCH;

Il
H,C—0—C—(CH,);¢CHs3

35. a. Briefly describe the difference between a saturated fat and an unsaturated fat.
b. Briefly describe the difference between a monounsaturated fat and a polyatesifat.

36. How many proteins with a different primary structure can be generated from 3 amino acids that include
ala, and gly?
a.2 b.3 c.4 d.5 e.6

37. Draw all possible tripeptide proteins when two cysteine and one phenylalanine agsrerecombined.

38. a. Using the table of amino acids and either their B-letter abbreviations, the proteinOs primary structure

OH
O_ NH,
OH c
[ |
Geg HgRg B RO N o
HoN —C—C—N—(—C—N—C—C—N—C—COOH
(amino acid sequence) is what? " H H H

b. Draw the protein corresponding with-ghu-phelys (Y-E-F-K).
39. Draw cys in thenionized form and in the Zwitterion form.

(almost done)



40. a. What is the general formula for the functional group associated with fatty acids?

b. What kind of reaction (condensation or addition) is the formation of a fat?

c. Give an example of a fattgid.

d. Besides fat, what other chemical is needed for saponification?

e. Besides a fatty acid, what other chemical is needed to form a fat? Draw the chemical structure.

f. Draw any one amino acid. OH
g. The alpha helix and beta sheets are example of wieabf protein structure? COOH

h. Draw the amino acid glyal-cys. o OH

i. What is the amino acid sequence shown in this protein? &, CH,

(vea done!) QH e g

H

ANSWERS
1.a.sp b. 1800 c.1.5 d.trigonal planar#esp(OYBspA(C);! : pEp f. bent g. tetrahedral
2. a. tetrahedral b.3%pc.3 d.sp e. 1200 f. bent g.3ph. trigonal pyramid i. N(SPEC(sp?)

- O(sP)EC(sP’)

2 areas of resonandaeenzene ring anflCOQO group (carboxylate group)
. a. 5.125g NgPO, {0.125L x 0.25M = 0.03125mol NgPOy; 0.03125mol NgPOy x (164g NaPO,/1mol NagPOy) =
5.1259 NaPOy}

0.01875M {M 1V1 = MyVy; (0.25)(15) = (x)(200); x = 0.01875M}

.a.9.31g CglN, {7.55gCa x (1mol Ca/40.0g Ca) x (1mol §Np/3mol Ca) x (148g CgNo/Imol CgNy) = 9.31g CaNy;
2.25g N x (Imol N»/28.0g Ny) x (1mol CagNo/Imol Ny) x (148g CaNo/Imol CagNo) = 11.89g CgNy; smaller amount is the
theoretical yield = 9.31g Galo}

. Ca {from the calculation above in part Oa0, the reactant that gives the smaller amount is the limiting reagent}

. Np  {from the calculation above in part 0a0, the reactant that gives the larger amount is the excéss reagent

. 0.488g N left over {left overs = starting amoutamount used; amount used =
7.55gCa x (1mol Ca/40.0g Ca) x (Imap/@mol Ca) x (28.0g BWimol Ny) = 1.76g N used,
left overs = 2.25¢p1.769g = 0.488g bl

. 61.8% {%yield = actual yield/theoretical yield x 100% = (5.75@8g) x 100% = 61.8%}

. A =trans-alkene; B = ether; C = 20 amine; D = 20 alcohol; E = aromatic/benzene; F = ketone;

G = carboxylic acid

o Aw

O T

o

[o21]

7. a. 2chloro-3,3-dimethylpentane b. 1.@iethylbenzene or mew@iethylbenzene or rdiethylbenzene
c. 1-ethyl2-propyicyclopentane d. 2,4#imethyl2-hexene e.-4nethyll-hexanol
8. b {other groups hav&0OH or trigonal pyramid N compounds which are polar}
9.e
10. b {for H-bonding there must be a H bonded to N, O, or F; ethers do not hgve this
11. a. lig (C; BC4" gases; gDCy7" liquids; Ggbhigher" solids)
b. colorless (alkanes are colorless) c. no (polar and nonpolar are immiscible)
d. yes (nonpolar and nonpolar are miscible) e-axstent; H bonded to N, O, or F forthdnding f. no
g. no (Br, + alkene reacts fasr, not with alkanes)



12. The! bond needs to be broken to allow rotation through the double bond.

13/\/\//\/\//\/\/4/\/\)\/\)\&

/\n/o\/ 0o OH
14.a. © b A o AF .~ el
(ﬂ/ ~ N\ (ﬂ/ Y j)]/ ~ /j)]/ ~

15. a.
OH 0 OH
CH,=CHCHC CH,=CH—O—CH,CH Er
16.a. %7 B CHe= 223 . d.
17.2

OB = s @ (5 |

P
19. )\/\ 2-methy|-1—pentene;/w/\ 3—methyl-1—pentene;/\)\ 4-methytl-pentene;

/K/\Z-methyl-z-pentene;/ﬁ/\ trans-3-methyt2-pentene; cis-3-methyt2-pentene;

/\)\ trans-4-methyL2-pentene;Q\ cis-4-methyt2-pentene
20.a.2GH 4+ 210, " 14CQ + 14H,0 Db. 2GHgO +90, " 6CO, + 8H,0

cl cl
(|:1 c|1 ClHZCHCH3 CH3c:ZCH3 c||
21 g CH2CH,CHyCH; - CH;CHCH,CH, CH, CHg b CHaCHCH,CH
22. e.

23. D<CI; E(C'; Cl):(; Efd

24.a.1IV b.1l c.IV (need a carboxylic acid to form an ester) d.lll e. IV f.V g.ll

(0]

o) o) )
)J\ + KOH — > )}\ + H0 )J\ )k
25. a. OH okt b. HZN/\ * OH H3+N/\ * o
26. > or /\)/

27. 1V and V

28. <> paraxylene; 1 product:ig/ answer is paraylene
é/ ortho-xylene; 2 products:ij\/Br B é\ metaxylene; 3 products.i:[ Br Br/é\
Cl

ROEE LA



NH,

OH \E NH,
HO Hel o OH OH
30. a./ES and b. T and “OJ\ and © and Ho ™

0]

)\/\ )\H\ )\‘)\ © o 2504 ©/
A+ HOO ———
b.
/\)\ - © AICIy ©
£ OHC 2
d.

L|AIH4
HO.
m(\ H.S0UNa,CrO, m(\ W
_— —_—
f_ OH o o o o o)
H,S0,/Na,Cr,0; OH o H.SO, OH HO
Y e e TN
2
h_ o o
(0]

o
O/\/\
OH . /\/\ H,SO, + H,0
HO'
HO HO
|

o o
N OH H,N
HoN oH H,0 excess H,S0, HZN/K’( . OH
0

o

j.
condensatlon polymerization

| |
oy {oH™,
N—H .
HzN/\/ - W+H'_H/\/ W
c. o

31. a

I
i
H

@ ; addition polymerization

I
—>» —C—

(|'|)_
I—0O—I

+

H_
I—0O—I

+

(|'|)_
I—0O—I

I—0O—I

I—0O—=I

; condensation polymerization
OCH, Oéc,OCHg

H
HN/\X”W \/\)\ M +3H,0
2!
o o

O, _ocH, O, ocH, O, _OCH, O, __ocH,°
Ve S S S S
c c C c
—

c + + |
CH,=CH

| |
CH,=CH CH,=CH

d.

CHy-C——CH, -6 ——CHy-C
| | | : addition polymerization



o) 0
"o HO OH
HO CH,CH
33. a. \/\OH and S
o) o)
HO OH HzN
C. and
H,C—OH
HC—OH
0 o) 0

Il Il Il
34 H,C—OH , HO—C—(CH,);sCH; . HO—C—(CH,),sCH; . HO—C—(CH,),¢CH3
- k) 1 1

35. a. A saturated fat contains a long carbon chain tlaat adkane while an unsaturated fat contains at least 1
or more alkene units, C=C. b. A monounsaturated fat contains 1 C=C unit while a polyunsaturated fat

contains many alkene, C=C, units.
36. b (alaalagly, alagly-ala, glyalaala)

—OH

O

and HO— —OH

s

SIH SlH ISH ISH ?H ?H
CH CH CH CH CH CH CH CH CH
H 77 [ [°_o H 17 [ 2 [2_o H_ 717 [ [ 20
N—C—C—N—-C—C—N—-C—C N—C—C—N—-C—C—N—-C—C~ N—C—C—N—-C—C—N—-C—C~
g T S T A e S S T N A T A A S D U A AR T R S8
37. H OHH OHH HOMHHOMHH H O HH OH H
OH I\|1H2
0. OH GHo
g e
' CH '
R D A G T
H2N—Cli—C—N—Cll—C—N—Cll—C—N—Cll—COOH
38. a. SefTyr-Asn-Ala or SY-B-A b. H H H H
HS HS
H\N OH \N+ (0]
| ~
39. H o H 0
o C|;H3
)k ? OH OH Cl)H NH,-C—COOH
. O—C—(CH,);CH CH,-CH—CH ,
40. a.r o1 b. condensation & (CH1eCHs 4 NaOH eC™ 2 . H alanine
CH; ~CH; ?H
\
IR AR
NH, -C—C—N —C—C—N—C—COOH
| | | _
h.secondary g. H H i. glu-sertyr



