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DO NOT OPEN THIS EXAM UNTIL INSTRUCTED. 
CALCULATORS ARE NOT TO BE SHARED. 

Instructions: You should have with you several number two pencils, an eraser, your 3" x 5" note card, a 
calculator, and your University ID Card. If you have notes with you, place them in a sealed backpack 
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student identification number. Leave the test form number and class section number blank. 

This exam consists of 36 multiple-choice questions. Each question has four points associated with it; 
except Question 36 which has five points associated with it. Select the best multiple-choice answer by 
filling in the corresponding circle on the rear page of the answer sheet. If you have any questions before 
the exam, please ask. If you have any questions during the exam, please ask the proctor. Open and start 
this exam when instructed. When finished, place your Scantron form in the appropriate stack. You may 

7 keep the exam packet, so please show your work and mark the answers you selected on it. r 
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Reduction Half-Reaction E ", volt 
Acidic Solution 
F2 (g) + 2 em + 2F' (aq) 
03(g) + 2 ~ ' ( a ~ )  + 2 e- -+ 0 2  (g) + HzO(1) 
s20s2- (aq) + 2 e- + 2 SO? (aq) 
H202 (aq) + 2@ (aq) + 2 e- + 2 H20(1) 
MnO;(aq) + 8 ~ '  (aq) + 5 e- + Mn2' (aq) + 4 H20(1) 
Pb02 (s)+ 4 ~ '  (aq) + 2 e- + pb2+(aq) + 2 H2O(l) 
C12 (g) + 2 e- + 2 C1- (aq) 
cr20?- (aq) + 14 H' (aq) + 6 e- + 2 cr3'(aq) + 7 H20(1) 
Mn02(s) + 4 ~ '  (aq) + 2 e- + Mn2'(aq) + 2 H20(1) 
02(g) + 4 ~ '  (aq) + 4 e- + 2 H20(1) 
2 103- (aq) + 1 2 ~ '  (aq) + 10 e- + 12(s) + 6 H20(1) 
Br2(l) + 2 e- + 2 B r  (aq) 
NO3- (aq) + 4 ~ '  (aq) + 3 e- -+ NO(g) + 2 H20(1) 
A ~ '  (aq) + e- + Ag(s) 
~ e ~ ' ( a ~ )  + e- + ~ e ~ ' ( a ~ )  
02(g) + 2 ~ '  (aq) + 2 e- + H202(aq) 
12(s) + 2 e- + 2 I- (aq) 
cu2'(aq) + 2 e- + Cu(s) 
~ 0 ~ ~ -  (aq) + 4 ~ '  (aq) + 2 e- + 2 HzO(1) + SO2(g) 
sn4+ (aq) + 2 em + sn2+ (aq) 
S(s) + 2 ~ '  (aq) + 2 e- + HzS(g) 
2~'(aq) + 2 em + H2(g) 
Pb 2'(aq) + 2 e- + Pb(s) 
sn2'(aq) + 2 e- + Sn(s) 
co2'(aq) + 2 e- -+ Co(s) 
~ e ~ ' ( a ~ )  + 2 e- + Fe(s) 
zn2+(aq) + 2 e- + Zn(s) 
~ 1 ~ '  (aq) + 3 e- + Al(s) 
Mg2+(aq) + 2 e' + Mg(s) 
~a'(aq) + e- + Na (s) 
ca2'(aq) + 2 e- + Ca(s) 
~ ' ( a ~ )  + e- + K(s) 
~ i ' ( a ~ )  + e- + Li(s) 
Basic Solution 
03(g) + H20(1) + 2 e- + 02(g) + 2 OH-(@ 
OCl-(g) + H20(1) + 2 e' +Cl-(aq) + 2 OH-(@ 



Selected Functional Groups: 

contains 0 singly bonded to a C and a H 

I alcohol) 1 RSH I contains S singly bonded to a C and a H 

I contains S singly bonded to an S 
- . . , .  , , ,  , ,  . .  .. 

contains 0 singly bonded to two C 1 
] aldehyde j RCHO I contains C doubly bonded to 0 and singly to H 

F G . 1  RCOR I contains C doubly bonded to 0 and singly to two C 
CWiA """ " 

-. , .. 1 hemiacetal ROCOHR I I contains C singly bonded to 0 of ether and of 
alcohol 

1 amide 1 RCONR / contains C doubly bonded to 0 and singly to N 
1 I 1 

Possibly Useful Information: 

aromatic 

K,[HCOOH (aq)] = 1 .80 x Ka[C6H5COOH (aq)] = 6.30 x 10 '~  
Ka[CH2C1COOH(aq)]=1.40x10~' &,[NH3(aq)]=1.80x1~'5 
Ka[CH3COOH (aq)] = 1 .SO x Ka[C6Hs06 (aq)] = 8.00 x 
Ka[C9Hs04 (aq)] = 3.0 x R =  8.314 J/moleK 
K,[NH~+ (aq)] = 5.6 x 1 0-lo F = 96,485 Coulombs/mole e- 
l Amp = l Coulomb/second lVA = 6.02 x lo2' 

0 @ 
contains a ;at six-member ring 
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1. The pH of 0.250 M nitric acid, HN03 (aq), is: 
\ 00% 

(A) 0.250 H N O ~ C ~ ~ )  --3 t i *  (aB)+ NO< (ah) 

(B) 1.250 
(C) @ ? 

8 . 2 5 9  !'/\ 
(D) 12.75 
(E) 13.40 

2. The pH of 0.330 M chloroacetic acid, CH2ClCOOH (aq), is: 

(A) 13.52 
(B) 0.482 
(C) 3.34 

The pH of a buffer system which is 
0.225 M CH3CH2COOH (aq) and 0.225 M CH3CH2COONa (aq) is 4.88. 

The pH of a buffer system which is 
0.450 M CH3CH2COOH (aq) and 0.225 M CH3CH2COONa (aq) is: 
fL - 

(A) 4.88 
M a t <  C C C ; ~  - \ o \ ~ ~ c T  



4. A student titrates 1.000 gram of KHP (potassium hydrogen phthalate MW=204.2 glmol) to the 
equivalence point with 45.75 mL of NaOH (aq). The concentration of the NaOH solution is: 

(A) 0.09733 M 
(B) 0.1018 M 
icj c y i  
(D) 4. l M  
(E) 9.342M 

, t . , t L t @ r  
5. The pH of 1 .OO M sodium acetate, C H ~ C O O N ~ F ~ ) ,  IS: 

(A) G t Z h F T  %. RLS, b 
(B) Less than 7.0 CH3ceo '&g)  b r+ s C H ~ C O O H  ( r b )  

(C) 7.00. 

6 .  Methylamine (pictured below) has a lone pair of electrons on the nitrogen, can accept a proton, 
and is in equilibrium with methylammonium ion in water. 

H H H H 
I I I I  + 

H-C-N-H + OH- H-C-N + H2O - 
I I I I 
H H H H 

methylamine 
Methylamine is: 

(A) a strong acid 
(B) a weak acid 

methylamrnoni~.im ion 

i.0' CS;? base, 
( ;  br; &LA, 

a weak base 4W'  
p,,tofl 

~ & c L ? + '  

(E) neit er an acid or a base 



7.  Which of the following processes exhibits an increase in entropy of the system? ' 4":*7 ?FCLIIT d : s o r 3 ~ ~  

301:d d .  
' S S e I , .  

(D) CH30H (g) --+ CH30H (1) ' "3 
(El H20 (1) -+ H20 (s) 

8. Which of the following statements is true? 

(A) All endothermic processes which result in a system of greater disorder are spontaneous. 
(B) A1 2,_.i.i.T wdothermic processes which .. , .. , r$;su!t.in_ a.,sy.ste=ofgr@g order are spontaneous. 4 -.,_ "..I_ . .,i _i._i;_ . , . .....-_.._I 

(C) All exothermic processes which result in a system of greater disorder are;- __ __ .__.__...,.__, --. '-'. '- --~=-.,--4..~r--..=--l-':.- .-,,.__.. . _\_," .. .",.."J. 
(D) All exothermic processes which result in a system of greater order are spontaneous. 

9. AH = -144 kJ and AS = - 163 JIK for a process. Determine the temperature in which the system 
is at equilibrium? 

A&= 6H-Tb5 
(A) 19.0K k~ 

(B) 23.5K = (-IL(~ (a) - ( T X - ~ - \  63 IY ) 
(C) 298 K =,a; \ ; b ~ ; - ~ n  

(Dl 6 E a  
(E) 1900K T= ' & B ~ K  



10. The Ksp for Pb12 is 7.14 x lo-'. The solubility of Pb12 is: 

(B) 1.96 x 10' M 
(C) 1 , 9 6 ~ 1 0 - ~ M  
(D) 2 . 1 4 ~ 1 0 ~ ~  
(E) 1 . 2 1 x 1 0 - ~ ~  

The 

(A) 
(B) 
(C) 
(Dl 
(El 

oxidation 

+2. 
+3. 
+4. 

number of each molybdenum 

Consider co2+ (aq), pb2+ (aq), cu2+ (aq), (aq), and ~ i +  (aq). The strongest oxidizing agent is: 

(A) co2+ (aq). 
(B) pb2+ (aq). 



- 4  A\  h.'*r 3c 
13. A student provides a current of 3.25 amps through an aqueous solution of A1(N03)3 for 5.00 

hours. The voltage is such that aluminum metal is deposited at the cathode. The mass of 
aluminum deposited is: 

A 

(A) 0.0909 g. 
mol e' 

(B) 1.54 g. 
(C> ? 
(D) &rn? s 

5 . ~ 5 ~ h '  

(E) 

\ 
14. Consider the reaction Zn (s) + cu2+ (aq) -+ Zt2' (aq) + Cu (s). Which of the following 

statements is true? 

15. The calculated cell potential (voltage) for the 2 Li (s) + cu2+ (aq) -+ 2 ~ i '  (aq) + Cu (s) is: 
EO (4 

(A) + 0.340 V 
(B) + 2.700 V 

t:; m 
(E) + 5.906 V 



16. Consider fuel cells. Which of the following is false? 

(A) A hydrogen fuel cell produces energy. 
(B) ~h~ hydrogen fuel cell demonstrated in class produced water. 
(C) 
(D) 
(E) 

17. When the reaction Fe (s) + c ~ - 2 0 7 ~ -  (aq) + cr2+ (aq) + ~ e ~ +  (aq) is correctly balanced in acid, 

(A) 3 protons (H+) are consumed. 
(B) 7 protons (H') are consumed. 
(C) 8 protons (H') are consumed. 



18. When a beta particle is emitted, 

(A) An electron is converted to a helium nucleus. 
(B) A gamma ray is released. 
(C) Two gamma rays are released. 
(D) 
(E) 

19. Am-243 decays to produce a beta particle and 

(A) 
(B) 
(C) Am-245 
(D) Np-243 
(E) Np-241 

20. Ra-226 decays to produce an alpha particle and 

(C) Fr-226 
(D) Fr-222 
(E) Po-222 

21. A student obtains a sample of Sr-90 (tlI2 = 28.5 years) containing 50,000 atoms. How long will it 
take for the sample to decay to 1880 atoms of Sr-90? 

(A) 6 e a \ ~  a en;= - ~ ( L B . s ~ )  
(B) 
(C) 162 years ka a ,or9 3 y" 

(D) 302 years 
(E) 1880years 



22. A radioactive decay series that begins with 2 3 2 ~ h  ends with formation of the stable nuclide 2 0 8 ~ i .  
How many alpha particle emissions and how many beta particle emissions are involved in the 
sequence of radioactive decays? -----.- 

I * -2 7 
(A) 7alphaand6betadecays. 
(B) 7 alpha and 5 beta decays. 

2 3 2 ~ h  -+ k 5 :,?+ 
90  - *OB B: 

s3 
(C) - -  
(D) q 0 
(E) 

23. Considering the carbon cycle and radiocarbon dating, which of the following statements is false? 

on- 14 concentration in you. 

(D) Carbon-14 is generated in the upper atmosphere. 

24. Which of the following is NOT a Lewis base is the presence of a transition metal ion? 

(A) OH- 
(B) F- 
(C) Hz0 

25. The coordination number for co3+ in [ c o c ~ ~ F ~ ] ~ '  is: 
b 



26. The complex: 

(A) is c ~ s - [ c u c ~ ~ F ~ ] ~ ~ .  
(B) is trans-[~uC13~3]~-. 
(C) ---- 
(D) cis m e r i [ c u w  
(E) is wor d-cup- e v e r - [ ~ u ~ l 3 ~ 3 ] ~ - .  

27. How many un aired electrons are present in [ M ~ ( c N ) ~ ] ~ ?  + [Mn is the Mn Ion; CN is the CN- ion; and the is low spin]. 
- - e L - - , -  -r--c 7" - .,=,. ,--,--< -+?,-=.-? 

24 d5 (-I-.) 9 ~h 1 %  

(A) p 
(B) 3 
(C) 2 

28. A compound having the chemical formula C250H500 is: - 
(A) an alkane 

(D) an aldehyde 
(E) an alcohol 



29. When an m i n e  and a carboxylic acid react in a condensation reaction (such as two amino acids 
reacting): 

(A) an ester is formed. 
(B) an alkane is formed. H --- - b 

(C) + H-OJ-C-c 
(D) 

-.-.-.7---/ 

(E) 
0 
\ I  

4 A  k - o - c  
k 

30. The systematic name of: 

(D) is 3-ethyl-6-dimethyloctane 
(E) is 2-ethyl-6-methylheptane 



3 1. Identify the functional groups in the following molecule: 

(A) aldehyde, alcohol, ester, amine 
(B) aldehyde, alcohol, ether, amine 
(C) c a r b o x s m i n e ,  ether, alcohol 
(DG~. alcohol. ester. arnl- 
\ ,I 

(E) e s c a r b o x y l l c m i n e  

32. The following is the structure of galactose. Which of the following statements is false: 

(A) The structure shows D- galactose 
(B) Galactose is an aldohexose 
(C) b@ 
(Dl 
(E) It is a carbohydrate 



33. Consider the fat molecule below. Which of the following is false? 

(A) It is an omega-3 fat 
(B) It is unsaturated C= C 
(C) It contains cis bonds ./ 

=:,-;, ..,? ~ ,::= x&;,,*..&+----- 

e the top carbon 

34. An isomer of 2-butanol is: a kg 
Q 

(A) 
- c - e - c - c  

(B) 
(C) 2-methylbutane ex4 t 

(D) 1 -methylbutane C . - t -  c-C. 
(E) 2-methylpropane 



3 5 .  The organic product of benzene and in the presence of AlCl, is: 

36. OSU Softball went to the College World Series a couple of weeks ago. OSU Baseball is 
currently at the College World series and begins playagainst ~ i a m i  on Saturday afternoon. The 
eight teams vying for the championship are Clemson, Georgia Tech, Cal State Fullerton, 
North Carolina, Rice, Georgia, Oregon State, and Miami. Who do you predict to win? 

[Any response will receive full credit; even no response.] 

Questions 1 through 35 have four points attached (140 total). Any response to Question 36 will receive full 
credit (5 Points); even no response. The point total for this exam is 145 points. See the grade sheet or CH 123 
web syllabus for grade computation details. Final exam keys, scores, and course grades will be posted on the 
CH 123 website as they become available. Have a great life. Go out there and do some really cool stuff :) 


