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Instructions: This exam has 8 questions plus a periodic table at end of exam.  Verify you 
have the right number of pages before you begin.  Write your name on each page.  Raise 
your hand if you don't understand a question.  SHOW YOUR WORK!  No credit will be 
given for an unsubstantiated or illegible answer.  Write legibly, use proper units throughout 
and use significant figures in all answers.  If you exceed the line limit any additional 
material will not be read by graders       Good luck! 

Possibly useful information: 

h = 6.63 x 10-34 J sec No = 6.02 x 1023 mol-1 c = 3.00 x 108 m sec-1 
me = 9.11 x 10-31 kg 1 a.m.u. = 1.66 x 10-27 kg 1 Å = 10-10 m   
g = 9.81 m/s  R = 0.0821 liter·atm/mol·K   =    8.3145 J/mol·K 

1 eV = 1.602 x 10-19 J K.E. =1/2mv2 = p2/2m 

λν  = c ΔE = Ef - Ei = εphoton= hν hν = hν0 + K. E.(electron)

λmass = 
h

mv  =  h/p      mΔvΔx = ΔpΔx  ≥ 
h

4π  

En = - (2.18 x 10-18 J)Z2/n2      n-ℓ-1 spherical (radial) nodes; ℓ angular nodes; n-1 total nodes

Bond order = (# bonding electrons - # antibonding  electrons)/2 

To solve a quadratic equation, ax2 + bx + c = 0,   pA =  χA x PT

Kp  =  Kc (RT)Δn 
x     =     - b  ±  √ (b2  - 4ac) For ΔH +      ln K ∝  -1/T 

   2a 

[H+] [OH-] = 10 -14 at 250C and 1 atmo,     pH + pOH = 14 at 250C. 

Ka x Kb = Kw = 10-14 at 250C.         

+ 0.6 Δ Spectrochemical series (abbreviated)  Cl- ‹  F-  ‹ H2O  ‹   NH3 ‹  en  ‹ CN- 
- 0.4 Δ    | 
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1a." The"Russian"chemist"Mendeleev"was"one"of"six"discoverers"of"the"periodic"system."
However"he"is"given"the"most"credit"for"the"discovery.""Briefly"explain"why." ""(2)"

1b." The"element"helium"can"be"placed"in"groups"2"or"18"of"the"periodic"table.""Explain"
the"basis"for"each"of"these"options." """(3)"

1c." A"compound"which"weighing"200"grams"contains"only"carbon,"
hydrogen,"oxygen"and"nitrogen.""By"analysis,"it"is"found"to"contain"97.56"grams"of"
carbon,"4.878"g"of"hydrogen,"52.03"g"of"oxygen"and"45.53"g"of"nitrogen.""Find"its"
empirical"formula." " """"(5)"

1d." Consider"the"following"reaction"
"3"Cu(s)"+"8"HNO3(aq)"SSSSSSSSS>"3"Cu(NO3)2(aq)"+"2"NO(g)"+"4"H2O(l)"

(i) How"many"moles"of"NO"are"produced"by"the"reaction"of"4.0"moles"of"copper"with"excess"HNO3?
(2)"

ii) How"many"moles"of"HNO3"are"required"to"react"completely"with"20.0"g"of"copper?"""""""""""""""(3)"

iii) How"many"grams"of"NO"are"produced"by"the"reaction"of"6.35"grams"of"Cu"with"excess"HNO3?
(3)

Mendeleev was successful at predicting a couple of

elements that were discovered later on .

Group 18tfMmpdNbe gates ,
Has full outer shell which is like noble gases

Group 2: He has Ze's Group 2's elements have 2 outer e's

( 97.565,12g = 8.13=2.5
5

It 4.87854g = 4.878=1.5
3 ( g H zOzNz

052.03g × 416g = 3.292=1 2

N 45.53×1/19 g =3 . 252=12

4m01 Iv × }I¥% = 2. 66m01 or 2.7- ( zsigfig)

20g × %;¥g×§mm!YY = 0.839mn G sigfig)

6.35 ÷ 63.546 = . 099928 moles or

10.099928×2/1--3=0.0222 moles of NO
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2. The"work"function"for"lithium"is"4.60"x"10�19"J.
(a) Calculate"the"lowest"frequency"of"light"that"will"cause"photoelectric"emission.""""(2)

(b) What"is"the"maximum"energy"of"the"electrons"emitted"when"light"of"7.35"x"1014"Hz"is"used?
(2)"

(c) What"is"the"wavelength"of"these"electrons? (2)"

(d) How"does"the"Pauli"Principle"help"to"explain"why"electrons"don’t"collapse"into"the
(3)nucleus"in"an"atom"such"as"Neon?"

I = hvo
Vo = 6.9 ✗ 1014sec- l

4.6×10
- '"

J = hvo

vo=neY =

Y.EE?.-.y-p...E--0It
KE KE =/ 6.63×10-34117.35×1014 Hz) - 4.6×10-15

hv = hvot KE KE = 2.7×10-20 J
KE = hr - Io

KE = Emv
' ✓ = 2.438×105

v=F F-÷
a ;a%:÷:;i÷→st

V=FÉ% 11=3.0×10 - "m

Because only 2 electrons can fill the Is orbital ,
it provides

the repulsive forces essential to prevent collapse into the nucleus

These 2 electrons have opposing spin in the Is orbital .
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(e) Sketch"a"graph"of"kinetic"energy"of"ejected"electrons"against"frequency"of"light"that
strikes"the"metal.""Comment"on"the"importance"of"the"threshold"frequency"for"the
development"of"quantum"theory"of"light." " " " " """""""""""""""""""""""""""""""(4)

(f) An"electron"has"an"uncertainty"in"velocity"of"10.5"m/s.""Calculate"the"uncertainty"in
it’s"position.""" " " " " " " " " " """""""""""""""""(3)

KEY%
Threshold energy states the minimum energy which is threshold

energy of hw is also known as quantum light energy , particle of

light ,
or photon of light .

☐ ✗ Dp 2¥11
DX 0mV >_Fy
ox >_¥,×m÷v

oxs-b.ie?f,Y-*#o-ioT.sm1s)
✗I 5.52×10 -6m
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3a." Draw"the"3SD"contour"surfaces"for"a"4p"orbital,"including"any"phases"and"nodes."
"""""""""""""(4)"

3b." Give"the"full"configuration"of"the"selenium"atom.""(No"VTJOH OPCMF HBT DPSFT)." "(3)"

3c." Give"the"full"configuration"of"the"molybdenum"atom"(hint:"It"shows"an"anomalous"
configuration)." " " " " " " " """"""""""""""(3)"

3d." Consider"the"5th"shell"of"an"atom.""How"many"orbitals"does"it"contain"and"what"are"
their"labels?"""(no"need"to"show"individual"orbital"labels)"" """"""""""""""" (3)"

3e." How"many"electrons"XPVME CF"required"to"completely"fill"the"�0th"shell?" (2)"

3f." Under"what"conditions"do"two"waves"produce"destructive"interference?"        (3)"

____________________________________________________________________________________________"

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

"MTP TIPX UIF DPSSFDU PSEFS PS PSCJUBM PDDVQBUJPO�  

4IPX DPSSFDU PSEFS PG PSCJUBM PDDVQBUJPO�  

Hp has 2
radial nodes€
4- I -1=2

15253 pb 353 pb 3d
"

454 p
4 34W

4s
Yp

Is22s2 Zp6353 pb 3d" Ys
'

Ypb 4 d35s '

42mV

say s; Sds 5¥ 4=25
57--25

Zn
' 21104=200

One condition is when the path length difference is 0--12n - 1)¥

Another condition would be it the waves are in phase



7"

7

4a." Draw"the"Lewis"structures"of"the"following"molecules"or"ions and show working,"

(i) S*6 (ii) 1O3� (6)"

4b." What"is"‘wrong’"with"thF"Lewis"structure"JO 	JJ
 of"the"1O3� "ion"in"the"light"of"the"
experimental"evidence"on"this"ion"which"shows"all"bond"lengths"to"be"the"same?

(2)"

__________________________________________________________________________________________________"

__________________________________________________________________________________________________"

4c." How"can"the"Lewis"structure"be"modified"to"attempt"to"correct"the"problem"
alluded"to"in"4b"without"appealing"to"any"quantum"concepts BOE XIZ JT UIJT 
BQSPBDI VOTBUJTGBDUPSZ?"

(�)"

How"can"the"Lewis"structure"of"1O3� ion"be"modified"according"to"the"
quantum"theory" of" bonding?" " Give" a" diagram and" explain" briefly."

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

�	E

	�


:÷ :
V --6+6171=48

:p,q;
-

v -5+31611-1=24
:

-g-
I :

NG --7×8=56 NG=y1q)=32
. . 13=56-48--12 13--32-24=8

:÷?¥.

- ÷ : LP 48-12=36 / \ Lp=zy-8=16. :p:] charge p=s -4+1

double bond 0--6-6=0 -1

The lewis structure of Poz shows that there are different

lengths for double bonds and single bonds which is wrong .

- Add resonance structures to modify

That approach doesn't work because it suggests double bonding jumping about ,
when it should

be 3 signal bonds delocalized at the fi bond
-

-

I:*:÷.it#=:.ii:i:o.:.F.E...iiii-=.o:]
-

This structure can be modified by making
it pojs

-
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4e." Draw"a"GVMMZ labeled"molecular"orbital"diagram"for"the IZQPUIFUJDBM /F���"ion"
and"calculate"its"bond"order"""" (�)"

.

÷÷É÷t÷
.

2 p↳

Bond order = lno.of.bondinge-sf-fno.co#antibondinge-s)

= (10-÷ = Zz = 1

Bond order = I
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5a." How"does"the"Lewis"theory"define"an"acid"and"a"base?" (�)"

__________________________________________________________________________________________________"

__________________________________________________________________________________________________"

__________________________________________________________________________________________________"
5b." &YQMBJO IPX UIF GPMMPXJOH SFBDUJPO JT BO "acid�base"reaction"of"the"Lewis"type." (3)"

Explain"how"a"sample"of"water"can"have"a"pH"of"6"and"yet"can"still"be"
neutral"Your"response"should"include"a"reference"to"Kw"values.""" "

___________________________________________________________________________________________________"

___________________________________________________________________________________________________"

What"is"the"pH"of"a"solution"of"0.060"M"Sr(OH)2"which"is"a"strong"base?"

� )�0   �       $S��       ���         <$S 	)�0
�>��

5	D

	�


5	E
 	�


@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

5	F
  6TFڀUIFڀDPODFQUڀPGڀIZCSJEJ[BUJPOڀUPڀFYQMBJOڀUIFڀTIBQFڀPGڀUIFڀ�$ڀNPMFDVMFڀڀ�:PVSڀ 
SFTQPOTF TIPVME BMTP JODMVEF CPY EJBHSBNT UP TIPX XIJDI PSCJUBMT BSF CFJOH IZCSJEJ[FE
BOE B MBCFMFE EJBHSBN PG UIF PWFSMBQQJOH PSCJUBMT� 

	�


Alewisacidisa molecule that accepts an electron pair , but a lewis base

is a molecule that donates an electron pair.

it - ni
" :+iÉ:→H-É-iÉ÷.

Boron trifluoride is Lewis Base
H :# '¥

.

It :& :

This example shows ammonia isalewisaoid

water has OHZ

lone
-pair Lewis base ,

electrons@Az t fr
"

=
Hi
- -

ate

it accepts
&i•ananim Lewis;D µ,%yI-

""" "

Iya:L,
Lone pairs OH

, electrons
in (sp3/ orbitals

water can still be neutral because its capable of both donating

and accepting protons . Even if waters phchanges there will always

be an equal concentration of hydrogen to oxygen ions Kw=[Hz0HH-1=10
""

0.060×2 -_
• IZMOH

-

pH
--13.08

p0H= - logEl2]= 0.92

pHtp0H=pKw 14--92=13.08 at 25"pKw=M

• fhÑD
§
,✓tWÑµIoitp These are theorbitals being hybridized

¥.

?%n¥¥y1 1-
1
,
Zspz

womb
" 1- Zp
1- I 2- Zispz
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�a." Sketch"all"five"dSorbitals"and"give"their"labels." (5)"

�b." Explain"why"the"metal"chromium"has"no"color"other"than"a"silvery"
appearance"whereas"compounds"of"nickel"such"as"[Ni(H2O)6]3+"have"colors"

__________________________________________________________________________________________________"

__________________________________________________________________________________________________"

__________________________________________________________________________________________________"
�c." What"can"you"deduce"about"the"ligands"in"a"transition"metal"compound"that"
BQQFBST"orange"?"" (2)"

__________________________________________________________________________________________________"
�d." Explain"the"nature"of"the"bonding"between"the"ligands"and"the"metal"ion"in"
[Fe(CN)3(H2O)3].""Also"explain"how"the"metal"ion"is"able"to"accept"six"lone"pairs"of"
electrons." (4)"

__________________________________________________________________________________________________"

__________________________________________________________________________________________________"

__________________________________________________________________________________________________"

	�


2-
✗

^

|
^"

o
" I*✗*. /¥⇒p→q→ii. I

dxy dyz d# dyz
dt'

Because chromium is not a transition metal . Transition metals

are able to do this because of the energy levels of the d block , electrons

AM excited or mohld between energy turns, when bonded to other elements

This is a strong field ligand that caused a significant split within the energies of d orbitals
within this
compound .
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�e." Calculate"the"crystal"field"stabilization"energy"(CFSE)"in"the"following"compounds,"
d7"(low"field),""d5"(high"spin)."  " " " " " (4)"

�f." How"is"the"above"diagram"connected"with"the"CFSE"of"transition"metal"
compounds?" (3)"

__________________________________________________________________________________________________"

__________________________________________________________________________________________________"

__________________________________________________________________________________________________"

4IPX BMM XPSLJOH� 



Multiple choice.  Choose one best response by circling.  When relevant show working in 
margins or an empty space.  >IRU�� LLL���Y�LQFO
�DQG���L��LL��Y@    ���������(3 points each question).   

7(i) The valence electrons of representative elements are 

(a) in s orbitals only.
(b) located in the outermost occupied major energy level.
(c) located closest to the nucleus.
(d) located in d orbitals.
(e) located in the innermost occupied shell.

(ii) Which of the following does not have a noble gas electron configuration? (or
which of the following is not isoelectronic with a noble gas?)
(a) S2-
(b) Ba+
(c) Al3+
(d) Sb3-
(e) Sc3+

(iii) The correct Lewis structure for hydrogen cyanide shows:
(a) 2 double bonds and two lone pairs of electrons on the N atom.
(b) 1 C-H bond, 1 C=N bond, 1 lone pair of electrons on the C atom and 1 lone
pair of electrons on the N atom.
(c) 1 C-H bond, 1 C-N bond, 2 lone pairs of electrons on the C atom and 3 lone
pairs of electrons on the N atom.
(d) 1 triple bond between C and N, 1 N-H bond and 2 lone pairs of electrons on
the C atom.
(e) 1 triple bond between C and N, 1 C-H bond and 1 lone pair of electrons on the
N atom.

(iv) In the Lewis structure for the OF2 molecule, the number of lone pairs of electrons
around the central oxygen atom is
(a) 0
(b) 1
(c) 2
(d) 3
(e) 4

(v) The electronic structure of the SO2 molecule is best represented as a resonance
hybrid of ____ equivalent structures.
(a) 2
(b) 3
(c) 4
(d) 5
(e) This molecule does not exhibit resonance.

⑧
"""

= valence
shell

0 .

0 B.at alkaline
earth

metal
noble gas

conf .
of
xenon

electrons
while forming

has
2
valence

lost Whhfoni, compounds

-

0
. + ¥ : → H : Ñ : H

• •

H • H

/ On0 ④ ?⃝

0 g.
to

i.⑤
' '

j :
- o

f Y
o w



8(i) 
What is the frequency of light having a wavelength of 4.50 x 10-6 cm? 
(a) 2.84 x 10-12 s-1
(b) 2.10 x 104 s-1
(c) 4.29 x 1014 s-1
(d) 1.06 x 1022 s-1
(e) 6.67 x 1015 s-1

(ii) 
The emission spectrum of gold shows a line of wavelength 2.676 x 10-7 m. How much 
energy is emitted as the excited electron falls to the lower energy level? 
(a) 7.43 x 10-19 J
(b) 5.30 x 10-20 J
(c) 6.05 x 10-19 J
(d) 3.60 x 10-20 J
(e) 5.16 x 10-20 J

(iii) 
Which of the responses contains all the statements that are consistent with the Bohr 
theory of the atom (and no others)?  
(1) An electron can remain in a particular orbit as long as it continually absorbs radiation
of a definite frequency.
(2) The lowest energy orbits are those closest to the nucleus.
(3) An electron can jump from the K shell (n = 1 major energy level) to the M shell (n = 3
major energy level) by emitting radiation of a definite frequency.

(a) 1,2,3
(b) 2 only
(c) 3 only
(d) 1,2
(e) 2,3

(iv) Which statement about the four quantum numbers which describe electrons in atoms is
incorrect?
(a) n = principal quantum number, n = 1, 2, 3, ...... 
(b) l = subsidiary (or azimuthal) quantum number, l = 1, 2, 3, ... , (n+1)
(c) ml = magnetic quantum number, ml = (-l), .... , 0, .... , (+l) 
(d) ms = spin quantum number, ms = +1/2 or -1/2.
(e) The magnetic quantum number is related to the orientation of atomic orbitals in space.

(v) In the ground state of a cobalt atom there are ___ unpaired electrons and the atom is ___

(a) 3, paramagnetic
(b) 5, paramagnetic
(c) 2, diamagnetic
(d) 0, diamagnetic
(e) 2, paramagnetic

✗=Y = -_ 6.66×10
"

tr

① 6.67×10155-1

O

O

O

O
27 - Is

' 2sZ2p63s23pbYsZ3d7

LEFT
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