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n 4. (Wednesday Lab, 2:00 PM - 4:53 PM)

O 6. (Tuesday Lab, 12:30 PM - 3:23 PM) - Dr. Daniel Finnen

M u l t i p l e C h o i c e : / 5 0

Q 2 1 : / 1 0

Q 2 2 : / 1 0

Q 2 3 : / 1 0

Q 2 4 : / 1 0

Q 2 5 : / 1 0

B O N U S :
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Each problem in this section (multiple choice) is worth 2.5 points !

Qi, What type of orbital is shown below?

A ) s ^ - O
r ' B ^

C ) d

D ) f -
LAv\p̂ t'rfw ̂  ̂

Qa. Which of the following atoms will be paramagnetic?
A) He 1$^
B ) M g

(^5) -> 139 I3D liuH 1^ /
I s 2 J - Z f

D ) Z n ' °

Q3. What period three element has the following ionization energies (all in kJ/mol)?
lEx = 1012, /E2 = 1900, lE-^ = 2910, IE4 = 4960, IE5 = 6270, lEe = 22,200

'

A) CI

O S

D) Si
/̂aUwt* (̂ '̂SiVr k, rCwb̂e")

jl4Wp '
i ^ o y .

\ /

Q4. The chemical equation corresponding to the electron affinity for nitrogen is:
A) NsCg) + 6e- ^ 2N3-(g)

B ) N ( g ) ^ N + ( g ) + e - e . ^ ^ c w K o w o a n i f f v i
C) N(g) ^ N-(g) + e-

D) e- + N(g) ^ N-
g-A X(;^ ^ X 1^3")



QS. What type of bond is best shown by the overlap below?

( 2 5 " • o v e r s p

A) sp3

B) sigma

CTc) plI^
D) delta

o O C > °

: o t

Q6. The reason that all the nitrogen-oxygen bonds in the nitrate ion are the same length is
best explained in terms of nitrate having: f ' ' )

0 . o .A) more than one resonance structuî
B) the lowest set of formal charges possible

C) the most electronegative element on the outside of the ion
D) an expanded octet

-0 -

• o :

0

— aM iocHifji
. N

Qy. Arrange the following atoms in terms of increasing Zeff (effective nuclear charge,
lowest < highest) for their valence electrons: " "Z ̂  S

( r A T N a < S i < d 3 , I I /
V _ _ r o V v i ' T w "

B ) K r < P b < K ^ # c o r « e - ^ .
C ) F < N < A 1 O i c f o s s p g n ' o j , S
D ) C < S i < A l " Z t f f - P Z f

o(Z.t6i: S
MOi/J • ^
?c •. l-

Q8. What is the formal charge on the nitrogen atom in the cyanate ion shown below?

N : : 0

A) -2

C ) o

D) +1



Q9. The most correct Lewis structure for the ozone (O3) molecule is:
L

A ) : 0 O O :

B ) J : 0 0 = 0

C ) : o — 0 = 0 :

/ S e ' / 4 ^ 3 . - ( 8 e

loC Y

D ) 0 = 0 = 0
(6e^ ^

Qio. Which of the following bonds would be the least polar?
A ) H - F =

B ) 0 - H I
C)N—H A£o- I

^ S^cdhJt' A,£m

D)
A £ o - o - M ^

Qii. The compound shown below is found in safflowers and serves as the chemical defense
against nematodes (roundworms).

H

H

H-

\
Tt,n

< r 6 "

■ c = c — c ;

7\ ,a

H

^ ^ A

< r / \
H

;T<r /
0 — c

a - / > \ c r
H C — H

V A
H H H

The total number of pi (tt) bonds in this compound is:

B ) 6

D) 15

b s v \ 4 6 ' i " • ' ' 3

4 —



Qi2. Each of the following sets of quantum numbers is supposed to specify an orbital.
Choose the one set of quantum numbers that does NOT contain an error.
A) n = 2, / = 2, m/ = -1

B) n = 2, / = 2, m/ = -3

On = 3,/= 2, m/ = -3 ]-
y (p)n = 4,1 = 3, mi=+2

. . 0
/ »

5 • i ' / T.

i 8 A/" ̂  ̂
Q13. Give the complete electron configuration for Mn;

A) Is2 2s2 2p6 3s2 3p6 4s2 4d5 V
B) ls2 2S2 2p6 352 3p6 4s^ 3d^

C) IS^ 23^ 2p^ 38^ 3p^ 452 4p5
2S^ 2p^ 332 3p6 432 3d5

i lA r j
Q14. Consider the molecule below. Determine the molecular geometry at each of the

three labelled atoms.

: 0 : H

: C I C C N :

"7/1 1\

('•

2>' t+ftp lioi '

® ©

(a) 1 = trigonal planar̂^̂^ = tetrahedr5r̂*̂ 3̂'=Trigonal pyramidal̂ H

B) 1 = tetrahedral,

C) 1 = trigonal planar,

D) 1 = tetrahedral,

2 = tetrahedral,

2 = tetrahedral,

2 = tetrahedral,

3 = tetrahedral

3 = tetrahedral

3 = trigonal planar

Q15. Of the following, which atom has the largest atomic radius?
A) Li

B ) F

D) CI

frtAorC iUlij



l o e A r t \ s Z s 2 " : >
Qi6. Choose the orbital diagram that represents the ground state of N.

C)
i s

A

Y

I s I S

I S

2p

B)

D )
2P I s I S

■

'

t

'

\ s I s

4

t

t

t

Q17. Place the following in order of increasing radius (smallest < largest).
Sr̂ -̂  < Br- < Sê^ fi , '

B) Br- < Sr2+ < Se^-

C) Se2- < Br- < Sr^^

D) Sr^-^ < Se2- < Br-

uoetficl/sviii: ffecte<s

an\^ > r^'Kc3w>

— 5 I V N

_ Mort. ^ 5

Q18. Place the following elements in order of decreasing electronegativity
( l a rges t > sma l l es t ) ; S r, C , F, Sn ^

--fov-jQ-r Ci
JJm

A) Sn > Sr > F > C

B) F > Sn > C > Sr

C) Sn > F > Sr > C

r

)̂ F > C > Sn > ST̂
S < - ^

C f f

5n

f eTs closer
}o »iuc(eui..-v

Q19. Identify the least polar {most non-polar) compound:
A) NH3

C) CHCI3

D) H2O

4—^ =^swji

BF> CHCts

'.(X.

I t

■■a--

,^L

Q20. Identify the compound with an atom that has an incomplete octet:
A) ICI5

B ) C 0 2 e > { b i X \
c ) c c i 4 f . 1 ■ e -

c;ciBea^ (fee ■

<1

K

— 6 —



Each problem in this section (short answer) is worth 10 points !
All work must be show in order to receive credit I

You must use the factor-label (conversion-factor) method for all conversions !
Be sure to include units where applicable I

All numeric answers must be rounded to the correct number of significant figures I

Q21. Write full electron-configurations for the following species:

A)F \<^2i^2f

^22Zp^S.2Sf''<+s"i^

C) The zinc ion,
l O e'

i A " M

Wi>t §c!l
L J

C o ^

Write the orbital diagram for oxygen, 0

8
n 3 l i 3 1 1
I S 2 p

— 7 —



Q22. Write valid Lewis structures for the following species. Be sure to include the total
number of valence electrons as part of your answer.

= (8

A) NO2" total #valence e~s: 1*5
(also, show all resonance structures)

B) S04=^" total #valence e~S! ^
(also, show formal charges for each atom, and explain how you calculated them)

' - O -

e

i -

: o
' < r t

: 0 -

J " j >

C) BFc t o t a l # v a l e n c e e - s :

I

e>
F F

u 1 0

D) CN" tota l #valence e~s:_!_Z-

0 S

onj ■. f o

hDoJ • " 7

FC- I - Sl-t

oJ'

iv\l^ ^ ^

— 8 —



Q23. Use bond energies to calculate AH^rxn for the chemical equation given below. Be sure to
draw valid Lewis structures of all reactants and products as part of your answer.

Clearly explain your calculation!

C.VĈ> 1

I
,v,V^

4H2(g) + 2CO(g) ^ 02(g) + 2CH4(g)

H - H

H - H

K - I*

: C E O ;
« e

H

C

K

\
K

H
I

f (
(

H

AM

/ V yH-M l^C=oJ - l_ 0 = 0 -t- 8^C-K

/ v / L ^ . \ X A « o M o 7 7tHol
L

, ( c l
1

j
— (\M"» Iflg.Til -t: 8«»( V ]

- 4 -

— 9 —



Q 2 4 . F i l l i n t h e b l a n k s : ^ ^

(A) Four valid quantum numbers for an electron in a 3-p orbital are:

n = ̂  . I = 1 , mi = 0 , and ms =

(B) Give the proper name for the following rules/principles:

• Electrons occupy lower-energy orbitals before filling up

higher-energy ones: At/ ' bfAU. pvnt̂ cfpCt (W p̂

Electrons occupy different orbitals within a subshell with parallel spins,

before pairing up in the same orbital; -(uiflcl i f t A

Every electron in an atom must have a unique set of quantum

numbers: uSuaa pvii^cip^ .

(C) A fourth period element that is an exception to the usual rules of forming electron

configurations is: Cî  and has an abbreviated (noble-gas core) electron
c o n fi g u r a t i o n o f : l l A r 3 V s S c | .

— 1 0 —



Q25. Predict the molecular geometry and polarity of SCI4. Your answer should include:
□ A val id Lewis structure
□ The total number of valence electrons 3 ^ f
□ A sketch of the geometry using line/dash/wedge notation
□ The value of the bond angle(s) written out
□ The name of the molecular geometry
□ A clear explanation of why SCI4 is polar or non-polar

1

: a :

- 6

Z&>€~ ÔU/9.
C{ Is Mort £10 ^ '

a

6 rf̂ iA
T

J S

A O < \ Y \Jp e^cA^nrOcO'
a

r
I

• >S"
'

OS •

)

Bonus Question

i i
what type of hybrid orbitals are used on the carbon atoms in ethylene, C2H4?

i / t p !

■itfp I Z_ $ 6
3 j ^5p 5"p^ Sp^ 5pU S'pM

z _

Type of hybrid orbital: ^ P
— 1 1 —
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— 1 2 —



U s e f u l I n f o r m a t i o n :

B o n d Bond Enthalpy B o n d Bond Enthalpy
(kJ/mol) (kJ/mol)

H — H 436.4 C — H 4 1 4
H — 0 460 c — C 3 4 7
C — 0 3 5 1 c — c 6 2 0

C — 0 745 (average) c — c 8 1 2

C — 0 799 (in CO2) 0 — 0 1 4 2
C — 0 1 0 7 7 0 — 0 498.7

l A
J

I I A Per iod ic Tab le o f the E lements I I I A I V A V A V I A V I I A V I I I A
f e

1

H
1 . 0 0 8 1 3 f 4 1 5 1 6 1 7

2

H e
4 . 0 0 3

3

L i
e . 9 4 1

4

B e
9 . 0 1 2

5

B
1 0 8 1

6

c
1 2 0 1

7

N
1 4 . 0 1

8

0
1 6 . 0 0

9

F
1 9 . 0 0

1 0

N e
2 0 . 1 8

1 1

N a
2 2 9 9

1 2

M g
2 4 . 3 1 9 1 0 I f 1 2

1 3

A !
2 6 9 8

1 4

S I
2 8 0 9

1 5

P
3 0 9 7

1 6

s
3 2 0 7

1 7

C I
3 5 . 4 5

1 8

A r
3 9 9 5

1 9

K
3 9 . 1 0

2 0

C a
4 0 0 8

2 1

S c
4 4 9 6

2 2

T l
4 7 , 8 7

2 3

V
5 0 9 4

2 4

C r
5 2 . 0 0

2 5

M n
5 4 . 9 4

2 6

F e
5 5 . 8 5

2 7

C o
5 8 9 3

2 8

N i
5 8 . 6 9

2 9

C u
8 3 . 5 5

3 0

Z n
6 5 3 9

3 1

G a
6 9 7 2

3 2

G e
7 2 6 1

3 3

A s
7 4 . 9 2 1 6 0

3 4

S e
7 8 9 6

3 5

B r
7 9 . 9 0

3 6

K r
8 3 . 8 0

3 7

R b
8 S . 4 7

3 8

S r
8 7 6 2

3 9

Y
8 6 9 1

4 0

Z r
91.22

4 1

N b
9 2 9 1

4 2

M o
9 5 . 9 4

4 3

T o
[98!

4 4

R u
1 0 1 . 1

4 5

R h
102.9

4 6

P d
1 0 6 4

4 7

A g
1 0 7 . 9

4 8

C d
1 1 2 4

4 9

I n
1 1 4 8

5 0

S n
1 1 8 . 7

5 1

S b
1 2 1 . 8

5 2

T e
1 2 7 6 0

5 3

1
1 2 6 . 9

5 4

X e
1 3 1 . 3

s s

C s
1 3 2 . 9

S 6

B a *
1 3 7 3

7 1

L u
1 7 5 . 0

7 2

H f
1 7 8 . 5

7 3

T a
1 8 0 . 9

7 4

w
1 8 3 . 8

7 5

R e
1 6 6 . 2

7 6

O s
1 9 0 2

7 7

l r
1 9 2 . 2

7 8

P t
1 9 5 . 1

7 9

A u
1 9 7 . 0

8 0

H g
2 0 0 6

8 1

T l
2 0 4 4

8 2

P b
2 0 7 . 2

8 3

B i
2 0 9 . 0

8 4

P o
[210)

8 5

A t
(210!

8 6

R n
[222)

8 7

F r
[2231

8 8

R a "
[2261

1 0 3

L r
[2621

1 0 4

R f
(261)

1 0 5

D b
[2621

1 0 6

Sg
(266)

1 0 7

B h
[264)

1 0 8

H s
(265)

1 0 9

M t
[268 ]

n o

[2691

1 1 1

(272)

1 1 2

(277)

1 1 3 1 1 4

(285)

1 1 5 1 1 6

(289)

1 1 7 1 1 8

(2931

5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 6 8 6 9 7 0

L a C e P r N d P m S m E u G d T b Dy H o E r T m Y b
1 3 8 . 9 1 4 0 . 1 1 4 0 . 9 1 4 4 . 2 (145) 1 5 0 . 4 1 5 2 . 0 1 5 7 . 3 1 5 8 . 9 1 6 2 . 5 0 1 6 4 . 9 1 6 7 . 3 1 6 8 . 9 1 7 3 . 0

8 9 9 0 9 1 9 2 9 3 9 4 9 5 9 6 9 7 9 8 9 9 1 0 0 1 0 1 1 0 2

A c T h P a u N p P u A m C m B k C f E s F m M d N o
(227) 2 3 2 . 0 2 3 1 . 0 2 3 8 . 0 (237) [2441 [243 ] [247 ] [2471 [2511 1252) (25?) (2581 [259)

0 . V M H w f t o »

"hyrrios")
Q u a

f ^ 5 ^ ^ - _■

e c & e n

"Rats! I thought lanthanoids and actanoids
were gonna be giant robots or something."


