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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 N, = 6.02 x 1023 mol-! c=3.00x 108 m sec-!

me=9.11x 103! kg lamu.=166x1027kg 1A=1010m

g=9.81 m/s R =0.0821 liter-atm/mol-K = 8.3145 J/mol-K

1eV=1.602x10"] K.E. =1/2mv2 = p*/2m

AV =c AE = E¢ - E{= €photon= hv hv =hv, + K. E.(electron)
h h

Amass = E = h/p mAvVAX = ApAx > E

Ep=-(2.18 x 10"® J)Z2/n2 n-/-1 spherical (radial) nodes; ¢ angular nodes; n-1 total nodes

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

To solve a quadratic equation, ax> + bx + ¢ =0, pa= Xa X Pr
K, = K¢ (RT)"
X = -b = V(b -4ac) ForAH+ InKo« -1/T
2a

[H+] [OH-] =10 " at 25°C and 1 atmo, pH + pOH = 14 at 25°C.

K,x K, =K, = 10" at 25°C.
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+0.6 A Spectrochemical series (abbreviated) Cl' < F* <« H,O < NHs <« en <« CN’
-04A |



1la. 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)

Mendelety wWahs suecesstul at predicd w\O\ 0 owple Of
plpnaents ook wexe dis ovved. Lotee o,

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)
e for dolt tas full o i is \i
5 L T o

1lc. 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)

\ _813=15 9
( 0\2\,6\%\(?—3.,8\5
H b\"b’f‘of‘lfl3= 4930= 15 ’ CﬁHbol\MY/
051~03\jx‘/wjz 3.161=1 2

N %6"5’\7x\/mﬂ =315 1

1d.  Consider the following reaction

3 Cu(s) + 8 HNO3(aq) --------- > 3 Cu(NO3)2(aq) + 2 NO(g) + 4 H20(1)
i) How many moles of NO are produced by the reaction of 4.0 moles of copper with excess HNO3?
(2)
/Lm. Ne o 740 ov L. (L“B)
“Yenol G ¥ 1.4 il MR
3Imol (v
ii) How many moles of HNO3z are required to react completely with 20.0 g of copper? (3)

o) 553 %MO | Cv

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

0352 3-T40 = 029018 moley Cu 3)
{ Mmm) 3=0.011T motey of  NO

7,03X Logus w0l BNDs = ) 39 i (34\39\:9



2. The work function for lithium is 4.60 x 10-1°].

(a)  Calculate the lowest frequency of light that will cause photoelectric emission. (2)
9 =hv
Qg x 107 ) = s

A2 x0T “xi07")
— ——
h W 33107 /g

Vo= X\Q‘qsco"\

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

E=d+ke B = (06 221074) (335510 he ) -4y 10752
\’\\f = ‘I\‘(o t \«E KE = 1.3} % \O~‘LO -J
KE=hy-&
(c)  Whatis the wavelength of these electrons? )
KE - & mv™ V= L.U2%x\05
Es ek
rm _M .30 3"

% v‘_’/‘_ﬂ_-
\/3 'LL"—'}"W’uJ) (a.Wx1b 3‘)(‘“\53 16
- Nx102' .
] A= 305107 '

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

Beoawst onv 1 electyons can fil tue 45 oritad, , 11 provides

the vupuisive S escentlal 1o prowont collagst, inT0 1ht, NACILMA

e T ehescensave owusiweS sainin the To oy .



(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)
KE of
e's
Al
9 !% ,\/

Threshold m\r% slaled e minvpaan ewwv% which 15 Theegnold

W ot o 15 QS0 KO0WN 0y Quantam \i;’m\ ww%\ Cportiole, 0f
ligfnd , ¢ Phaten ot g

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

Np>
BBy
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3a. Draw the 3-D contour surfaces for a 4p orbital, including any phases and nodes.

(4)
/L|p has 1
radl 0 nodse

3b.  Give the full configuration of the selenium atom. (No using noble gas cores). (3)
Also show the correct order or orbital occupation. ,b L)/(/

152 267 3p% 367 2p" 2™ He™ Yp
1 A
) L=

Ys ¢
3c. Give the full configuration of the molybdenum atom (hint: It shows an anomalous
configuration). Show correct order of orbital occupation. (3)

\51. 167' ZP(o 551 Spuz)‘lo "‘{:L ‘1\9“ L\J\bss\
\*2\/\.]}

3d. Consider the 5% shell of an atom. How many orbitals does it contain and what are
their labels? (no need to show individual orbital labels) (3)
55 S P S4 ©f 5‘3
| 3 © ¥ q =25

Sl=7s
3e. How many electrons would be required to completely fill the 10t shell? (2)
Ta? 20107 = 200
3f. Under what conditions do two waves produce destructive interference? (3)
nt_condiion s at oy is 0=(zn-1) 2

Aoty condition woud ve if the wawyr are | Ynast,




4a. Draw the Lewis structures of the following molecules or ions and show working,
() SIs (ii) POs (6)
R V=btb(3) > I IR O
:3 ‘l N\b = x> b NG = L\l.%)g 3
TN-c— BzEo—Hd12 B=32-14=9
.i// \i; L‘P:H%"Z.ﬁb\l \,vsz\,‘-ﬁtl‘a
Z';,‘ QhO\VVa@?’ S"‘/\\r\
double bond 0 = b=l =0 -
4b.

What is ‘wrong’ with the Lewis structure in (ii) of the PO3- ion in the light of the
experimental evidence on this ion which shows all bond lengths to be the same?

(2)
The lewis strnctnie of P04 ghons fhat tnert ave diifetent
Iw\@’rhs for_donbl onds and 5‘”[0) ke \whds Wi 19 Wions .
4c. How can the Lewis structure be modified to attempt to correct the problem
alluded to in 4b without appealing to any quantum concepts and why is this  (4)
aproach unsatisfactory?

—AAA resonanct Siructurey 1 Wmd‘\ﬁ\\!\J

ina_wwveing, about  whnen it should
gV

4(d) How can the Lewis structure of PO3-ion be modified according to the

quantum theory of bonding? Give a diagram and explain briefly. (3)

Thig shagtave tan bt modificd oy Mv\\(\ﬂ3 toe0%



4e.  Draw a fully labeled molecular orbital diagram for the hypothetical Ne,** ion
and calculate its bond order (6)

E)M\f)\ rdlN = kv\o.o\: "OOV\)\V\ QBG) ~(mo, O(T\ A.V\’(‘lbohO\ir\J%Q%)

L
= (o-9) 2 |
- 7

%ov\(\ pYAW =\
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5a. How does the Lewis theory define an acid and a base? (2)
A lewis acid is 0 olecule that aceps Bn e\pctron pair, bt o \ewis base
19 6 moleoule that donates an electon pair.
g
H-N:t B 77 “","‘."" ’ Boron friflvorid i Lawis Buse
Hod” % 9% g examplt Shas ammonin is a el acid
5b.  Explain how the following reaction is an acid-base reaction of the Lewis type. (3)
6 Hzo + Cr3+ <=> [Cr (H20)6] 3+
sy oo o
v:\,fpm\f Lewis ‘005" N [ b
\¢ o 5¢ — W ~.p - oft e wat
e\c(}(‘(o“\ \l\)‘ Q k Cy_____a ]\(,‘)\ ‘oe(,ﬁ \,5
o & [AdN LGS, e W ooty
2 0\“"“ % \()‘ oo | "y Vo ot
Lo \ 0[“1 4 b\%’ﬂﬂ\s
i (5¢2) oveuint®

5(c) 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 Ky values. (4)

ey can AL e, hontial tGaugt 15 capabie of ot dunating

ANA acctiptin . W n W alwa

bt 0 eqpal_ConGRALYOtioN 0F hjdrogon To XIS Ky = [0 ]

5(d) What is the pH of a solution of 0.060 M Sr(OH)2 which is a strong base? (3)
0-0p0x 2 =1L ™ OH" It =
=109
pott= -\03[-\1] =041 ?

pfirpod=pKy 420 = 1309 i l%ov\p\%ot\u\

“SS 5(e) Use the concept of hybridization to explain the shape of the C, molecule. Your
) \440 response should also include box diagrams to show which orbitals are being hybridized 6)
N & and alabeled diagram of the overlapping orbitals.

S Thase ave Trcovigtals bing v\gwwmned
s\%_w/ A_ A Lap”
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% 6a. Sketch all five d-orbitals and give their labels. T (5)
X Y 4\
I\ / %
X
d J X l)\ya: At Ay? del
6b. Explain why the metal chromium has no color other than a silvery

appearance whereas compounds of nickel such as [Ni(H20)¢]3* have colors  (4)

eeausd, Dnromine 15 not & trangition metal. Tonstion meials

R (ble Wis \eeans, Of A v N

M RKGTEA o Mot lpetnsun ey \is, i bonded 10ty el

6¢C. What can you deduce about the llgan\és in a transition metal compound that
appears orange ? (2)

ana Sield ligand o Sighificnd SpIE withi i roitale
Explain the nature of the bonding between the ligands and the metal ion in W\*W\ ““(5
[Fe(CN)3(H20)3]. Also explain how the metal ion is able to accept six lone pairs of mpo
electrons. (4)
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6e. Calculate the crystal field stabilization energy (CFSE) in the following compounds,
d’ (low field), d> (high spin). Show all working. (4)

6f. How is the above diagram connected with the CFSE of transition metal
compounds? (3)




Multiple choice. Choose one best response by circling. When relevant show working in

margins or an empty space. [for 7 iii - vincl' and 8 i, ii, v] (3 points each question).
7(1)  The valence electrons of representative elements are wkev
2) in s orbitals only. = Vg(g\q%
located in the outermost occupied major energy level.
(¢) located closest to the nucleus.

(d) located in d orbitals.
(e) located in the innermost occupied shell.

(i1) Which of the following does not have a noble gas electron configuration? (or
which of the following is not isoelectronic with a noble gas?)

2.
SBa+ Pt aAKaling garin
C A13+ w

Y o\\o& Lg\ YJJ‘\M\

(d) Sb* v\\ W\\\b N\\V‘S
3+ ’[, \(0 ne ko
(e) Sc N Ay & M@(\\\' LWy
(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) I 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.

1 triple bond between C and N, 1 C-H bond and 1 lone pair of electrons on the

atom. " . o
N+ L\ = HiN:H

: He H .
(iv)  In the Lewis structure for the OF2 molecule, the number of lone pairs of electrons

around the central oxygen atom is
()0 O
(b1 \
Q: ]

)3 ® ®

(c) 4

(V) The electronic structure of the SO2 molecule is best represented as a resonance
ébrid of equivalent structures.

2 5*“

(C))Z C.. 7 N1.-F
(d)5 O .-

(e) This molecule does not exhibit resonance.



8(i)

What is the frequency of light having a wavelength of 4.50 x 106 cm?

(a) 2.84 x 1012 ¢!

(b) 2.10 x 10*s™! o - 300%\0° <. Wx 10"
Nl LA

(c)4.29x 10 ¢! )\ VTV TR (/e

(d) 1.06 x 10% 5!

6.67 x 105 571 b\T x l()‘éﬁ'\
(i1) @

(iii)

The emission spectrum of gold shows a line of wavelength 2.676 x 10”7 m. How much
egergy is emitted as the excited electron falls to the lower energy level?
7.43 x 101 7]
5) 5.30 x 1020 ]
(c)6.05x 1017
(d)3.60x 10207
(€)5.16 x 1020 ]

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.

() 1,2,3
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, ......
[ = subsidiary (or azimuthal) quantum number, /=1, 2, 3, ..., (n+1)
(C) m; = magnetic quantum number, m; = (-/), ...., 0, ..., (+])
(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) Inthe ground state of a cobalt atom there are  unpaired electrons and the atom is

121t
3 paramagnetic 1t “\Sm 2,51‘ 1V\‘ 5$7' 3\’(/ \{Q 3A‘
) 5, paramagnetic
(c) 2, diamagnetic v
(d) 0, diamagnetic v Y & | \ ! 11 |
(e) 2, paramagnetic




: Periodic Table

2
1.01 2 13_ 14 15_ 16 17 4.00
3 4 5 6 7 8 910
Li | Be of the B G
6.94 9.01 E I t 10.81 | 12.01 14.01_ 16.00 19.00_ 20.18
11 12 emen s 13 14 15 16 17 18
Na|Mg Al &Sl P | S
299 | 2430 | 3 4 5 ' 6 FARENS: 9 10 11 12 | 2698 | 2809 | 30.97 | 32.07 | 3545 | 39.95 |
191 202 22|23 =24 25 26|27 28 29] 30| 31js2(EESEl 34| 35]EEE
K|Ca|Sc|Ti|V |Cr{Mn|Fe|Co| Ni|[Cu|Zn|Ga|Ge|As |Se
39.10 40.08 LQG 47.88 | 50.94 52.00_ 5494 | 55.85 58.93_ 58.69 63.SS_ 65.39 | 69.72 | 7261 | 74.92 | 78.96 | 79.90 | 83.80
37| 38| 39| 40| 4 42 44| 45| 46| 47| 48| 49| 50| 51 52l 53 54
Rb|Sr|Y |[Zr|Nb[Mo|Tc|Ru[Rh|Pd|Ag|(Cd|In|Sn|Sb|Te| I
85.47 87.62 88.91 91.22 | 9291 95.94 (97.& 101.07 102.3 106.42 | 107.87 | 11241 | 11482 118& 121.75 | 127.60 | 126.90 | 131.29

—s5[ 56| 57| 72| 73] 74| 75| 76| 77| 78| 79 80| 8il 82| 83 84| 85
Cs|BallLa|Hf[Ta| W |[Re|Os| Ir | Pt |Au TI | Pb| Bi | Po | At
186.21

13291 137.33 | 138.91 | 178.49 | 180.95 | 183.85 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 |(208.98)}(209.99)|(222.02)
87| 88| 89
Fr [Ra|Ac|Rf |Ha|Sg

(223.02)](226.03) |(227.03) |(261.11) | (262.11) | (263.12)

58] 59| 60 62| 63 661 67| 68 B9 I0) ]

64| 65
Ce| Pr{Nd|(Pm|Sm| Eu|Gd|Tb|Dy|Ho| Er |Tm|Yb| Lu

140.12 | 140.91 | 144.24 |(144.91)| 150.36 | 151.97 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
001 91| 92

Th|Pa| U |Np|Pu|Am|Cm|Bk |Cf | Es |[Fm|{Md|No]| Lr

232.04 | 231.04 | 238.03 |(237.05)|(244.06)] (243.06)](247.07)|(247.07) |(251.08)| (252.08) | (257.10) | (258.10) | (259.10) | (262.11)
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