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Instructions: This exam has 6 questions plus a periodic table at end of exam.
Different questions have different numbers of points. 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. Good luck!

Possibly useful information:

12 inches = 1 foot, 2.54 cm =1 inch.

h=6.63x10"34] sec No = 6.02 x 1023 mol-1 ¢=3.00x 108 m sec1
m,=9.11x10-31kg 1am.u. =1.661x1027 kg 1A=10"10pm

mass (proton) =1.672 62 x 10-27kg mass (neutron) =1.67493 x 10-27 kg
1eV=1602x1019] K.E. =1/2mv2 = p2/2m

F=-AV/Ar Av =c AE = Es - Ei = €photon=hVv hv = hv, + K. E.(electron)
k=%=§ Amv Ax = Ap Ax 2’45]—“

En=-(2.18x1018]) 22 /n2

n - { - 1 spherical (radial) nodes; ¢ angular nodes; n - 1 total nodes

n=12,...00 f=n-1,..0 m,= -{..0..0
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la.  Quinone, which is used in the dye industry and in photography, is an organic
compound containing only C, H, and 0. What is the empirical formula of the
compound if you find that 0.105 g of the compound gives 0.257 g of CO2 and

0.0350 g of H20 when burned completely in excess oxygen? (8)

: .25 .0lq C
C:0.2539(0, x (2.014C z0omigc X | molC _ 0.00584 .

44-,0!3(07, (2. mac 00194
H: o0.03s0gH,0, 2.029H
- H
18.029 H,0 oz x (Mol T o.oo3se _
|.0085H . bol94
.00194

0.10Sg - 0: 030\ - 0.003920 = O. 0x Imol O
97T ey m o3 Y g0 aar = 1O

3

€Mpivical

fovmoy\a .' C3H 20

1b.  Given a formula mass of approximately 108 g/mol, what is its molecular

formula? o)
IOBJ/WO‘ C3H,,O X2, (12.0l x3)+ ( (.00Bx2) G =05
<2
54, OSS/VY\Q\

Woleculaw . C H,.O
formua © ¢ TF

i@ One a.m.u. isexactly 1/12t% of the mass of a 12C isotope which contains
6 protons, 6 neutrons and 6 electrons. Why then is the a.m.u. lighter than the

mass of a proton or a neutron? (2)

e a.m.v is li«jm,w becavse pavt of Covbon (2% vmss (S
Convered ko enegy to_stabilize ne vuwdeus. This pnenimenam

(N bino\(nﬂ wnewy Which Cavses the mum.u +o be lignkey than

WPV 0V VU eovy, 08 probons ondl v eybns don % howe

i own \oim‘ivﬂ MY bj Memselves. This is why ot 12
“30\\@9!0\ Wy nwotr usel gy e siandavy( Cov- calwhﬁczj

m.VV\l\/.
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2a. Sketch two graphs to show how the kinetic energy of ejected electrons varies
(3)

with (a) frequency, (b) intensity of light striking a metal surface.

&

$
$

eleho LinefiC

\

\o
lignt Heouen h‘gWr ivrfmsip

2b.  Explain an uzzlmg featurgs of these graphs from the point of view of t
classical theory that existed before Einstein’s introduced his approach to the photo-

electric effect. . . (3)
With te clossionl #heony i wovld be wore (Zonl 4ot i yov

inovemsed e \ight infdnsity  more ey would e ipouitenl into
Mt syskum. Wikh this  nited elechons wasldl inorease 7= Emehtc

w lght inYensi inoreoses. from e pexs,pgd‘iv@cf'
the (lossical “vuw it dgesn't wake  <ene ”Qe rjnfl) cosn
atkect Y6, whon Light :-‘.eqvw»@ is proporfona—ts ¥E. In resili¥y , 1

MRS SMSE Sved WY 1sa wave ovd nas particle duomfj
C. Light with a wavelength of 400. nm (nanometers) strikes the surface
of cesium metal resulting in the ejection of electrons with a kinetic energy of

1.54 x 10°*?J. Calculate the work function of this metal.
A’- C

= P +FE i
P = - ¥ v

4x(0"Im= 3 %O Bms
P =(6 .63 (o~3% 1-5)(9.5x(0“s") (-sex073) . 3.5xl0'%s™

= 343x1007'"7

(4)

-\

(2)

d. Now calculate the threshold frequency for cesium.

¢ = hVo
total 13

P R <)
Vo 42_ 4. 92x10"°T _ 329 x1018g
oW (0.b3x 10" - sec ~

\
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3a. Briefly explain what characterizes the scientific method according to
Popper’s approach.

(3)
Accovding 4o Poprer & oppridich, pne oF fue vequvemey s

foro1 Koy —is-AHO- i es e ooty o-le-vefve.
Tharefore Hneom o m\u e

conchusive though Bein hy
vefubed, Al tneories will \& occephael provisbrally bt
_mM\&j_choe_‘rdnm_m_n-_mwﬁ» po &Orneﬁu\‘nj
3 WYon

b. i i

Explain any advantages and disadvantages of a long-form periodic able
compared with an 18-column periodic table. (3)

kn odvantmge of e (ong form falde & fral™ e f~bloc
is in_ fue nahi' QPO"" in veqowols fo  atnwie  ww bey ard
e. bne o((sadvamfmge, is at

nNoE on s own uminder m

10 .‘@ 7, v, O ‘a.°, _Cﬂh
e Vwrok +o ol(spl“:j W'k N 1D colvm, fabre S eaa'efrlo

. olisploy.

C. i i

What if anything was problematical about the placement of tellurium and
iodine in early periodic tables? (3)

e Plotument of felluviomn ond iodine woas
POLILMANe i goviy YES EOse mese foddes
! S

A\wiom  omd (pdine ‘,0 owe o PM)V‘ reversal.

TN UM Wt QAR pfter iadine oven Hugh

wid 0 symalley odowic noumber reawe it hod 2 neavier
abomic yoss. This order dlictn't mnoke sese cms»olew@ ot
~Tis oo —owet-Fe S pre—le

3d.  Howis this issue connected with the occurrence of isotopes of many
elements?

(3)
fae #DMmic nasS of o Yement (onsisE % tle awiage
vnots oF fne  2dom ent’s isofopes, so ocespite own ptam poss
v\mmj \eg prokons avd & simalier " oviovnic Womber, o

W\o\u\m Wl ecavse of ean'ar iSofooas. 721s

d o e element consioby of feawer oS fyat  Totll
whak s sxjnﬁeal by its ahmic mas.
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4a.  Draw the following orbitals and show all nodes and phases that are present
in each one. (6)
(1) 5d (ii) 4p |
\anow v ovowr
planav - 2 ¥ vode '“m‘\ v =\
\K)NS 7! oS L=
=2 W ﬂ :
adion): 2
AP ome 00
vadial - 2 3 ) plmay é nwodtL n-2-17= 2
n-t-L=2 nucievs” ) "
Svdiﬂ\
wodes
4b.  Sketch a graph of W against the distance from the nucleus for a 2s orbital.
(2)
hoole
4c.

What two features of this graph are not easily interpreted physically
although strictly correct? (2)

Ong bepdure is oy 4ne wove funchion (YD hwns nég e o fer
e vdial nodle which YA w v the  provoloi [i fy of o&fewn:@ e
dutron B vegahe RV o ednin poin+.

A second &emizm s ot YW Prombiliy oF Hnd('rgm electon

or e pwlens (s tnBnite Since oS v oppoockes 0, e wave

ctovy aches (N
44. V\\erte a ba?agggi equation fomleueactlon between NaOH and H3PO, to form water

and Na;PO,

3NaOR + H,PO4 —> 3H,0 + NogPos

(2)

4(e) Calculate the mass of water that should form when 10.0 g of each reactant
produce the given products.

(4)

‘05 NaOH , 1Mol NaOH | o) H3POsx , 039109 H3 PO = 8.“,:;3 2P0
3q,q463~aon 3o\ Motk ” Yonol gox

Na Ot \imifin ragent

| wol NoDH 3 ywo) Mo
FoMBgNeOH " 3 Na0R

19.0leq H,0
\vol H20

\0(5 Nl

= 4505 ‘HZO
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5a. Briefly state the Pauli Principle and give an example of an orbital /box
diagram to illustrate it. (2)

e Powli Exdusion Principle Saus Hhot vio wo elevhmns com

J
shoe +he same. foor quaniom  umbers. Tis Weans thott iy huo ekctrons
avt ollewed pev ool and each elechon Mo oppasi+e Spin-
‘ Be: 18% ] 25'[L] - eleehoms hme opposie pins 50 guambvm
wmoers ave N2 =0 Myz0 mzt or -%
5b.  Briefly state the Hund Principle and give an example of a configuration to
illustrate it. (2)

e Hund prvdiple says that glethons ave hlled by themselves in

oviitals before beiv:, paiveel LP D vninimize  elethon repulsion anol
MO  spin.

1

1
(> Blied Sivpdow
KAV

(i) The Sc*2ion \SZZSZZP“ 352 3Pll-3dl

exarnple:  witogen . 18> |1v] 257 (v| 2p* 1

5c¢. Give the electronic configurations for,

() TheCuion.. \S%282 2p% 3523p% 3d '°

(You can use abbreviations such as [Ne] etc. )

5d.  Explain the order of electron filling in atoms of K, Ca and Sc. 4)
(n ok Co ond ¥, 3 'ms o \/\ighw ey fhon 4s
3 you welg Fll e elechng in ¥we 48 orbal Aist.
Rowenver o Ce A4S hos a \710440/ ey Hon 3 s>
34 KIS Gt Also do [imik glechon repulsion
Mae ook 2 Cectons nvey £¢ sine 45 is

ln\gh’ Hon L.

Total 12
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No. 6. Circle one correct answer.

a. The orbital diagram for a ground-state nitrogen atom is

Is 2s fip

~ ~ ~
v v
A A ~ ~
B hd hd hd
C/\ ) ) A ~
~ ~ ~ ~ ~

b. Which ground-state atom has an electron configuration described by the following orbital

diagram?
~ ~ ~ ~
[Ne] Iv L T 1T
3s 3p

phosphorus B) nitrogen C) arsenic D) vanadium E) none of these

c. Which of the following electron configurations is impossible, according to the Pauli exclusion
principle?
A) 15724 2p6
B) 1s%2s* 2p3
15%2s°
D) 1522522p6351
E) 1s%2s* 2p !
d. Which of the following electron configurations represents an excited state of the indicated

atom?
A) Ne: 1s2 2s2 2ps

N: Is2 2s2 2p3
@ P: 1s2 252 2ps 3s2 3p2 4s1
Na: 1s2 2s2 2ps6 3s2 3p2 3si
E) He: 1s2

e. Which of the following sets of four quantum numbers (n, [, m:, ms) correctly describes an
electron occupying a d orbital of an element in the third row of the transition metals?

A) 422+
@521—5
C) 53 -1 -3
D) 410-
E) 500 -

—

bl = b3
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1 ~ ° 2
Periodic Table
1.01 2 13 14 15 16 17 4.00
3 4 5 6 ¥ 4 8 9] 10
Li | Be of the B|C
6.94 9.01 EI t 1081 | 1201 14.01_ 16.00 | 19.00 | 20.18
1k 12 emen S 13 1.4 15 16 17 18
Na [Mg Al Bl P | S
299 | 2430 | 3 4 5 5 7 8 9 10 11 12 | 2698 | 2809 | 30.97 | 32.07 | 3545 | 39.95
19] 20] 2% 22| 23| 24| 25] 26] 27 2_8 29] 30| 3132 S31 34| 35 36
K|Ca|Sc|Ti|V |[Cr|Mn|{Fe|Co| Ni|Cu|Zn|Ga|Ge|As |Se
30.10 | 40.08 | 44.96 | 47.88 | 50.94 52.00 | 54.94 55.85 58.93_ 58.69 63.55_ 65.39 | 69.72 72.6_1_ 74.92 78.2_ 799lI 83.80
37| 38| 39| 40| 41| 42 44| 45| 46| 47| 48| 49| 50| 51 52| 53| 54
Rb[Sr|Y |Zr|Nb|Mo|Tc|[Ru|[Rh|[Pd|Ag|Cd|[In|Sn|Sb|Te| I
8547 87.62 | 88.91 91.22 | 9291 95.94 (97.912 101.07 | 10291 | 106.42 | 107.87 | 11241 | 11482 | 118.71 | 121.75 | 127.60 lZG.Qi lSlﬂ
55| 56| 57| 72| 73| 74| 75| 76| 77| 78| 79| 80| 81| 82 8} 84| 85| 86
Cs|Ba|lLa|Hf |[Ta| W|Re|Os| Ir | Pt [Au Tl | Pb| Bi | Po| At
13291 | 137.33 | 138.91 | 17849 | 180.95 | 183.85 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 20438 | 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 64| 65| 66| 67| 68| 69| 70| 71
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
90| 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)




