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PLEASE READ THIS BOX WHILE WAITING TO START

INSTRUCTIONS:
o Calculators are permitted; cell phones and other electronic devices are not allowed.
e This test paper includes 8 pages; please read over the whole test before starting.
¢ Answer the multiple-choice questions on the scan sheet, in pencil.
o Please write clearly and organize your work logically.
e A periodic table is included and may be detached.
¢ Read the whole exam over quickly before starting.
¢ Duration: 70 minutes. GOOD LUCK!
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PART A: MULTIPLE-CHOICE QUESTIONS (Each question has one correct answer.)
Write your final answer in pencil on the scan sheet; circle answer here too as a back-up.

#1. (2 marks) Which one statement below about nuclear chemistry isFALSE?
a) //Even-even nuclides (even numbers of p* and n°) are more stable than even-odd or odd-odd nuclides.

b) v Electron capture converts a proton into a neutrod/ and thereby raises the n%:p* ratio of the nucleus.

C ¢)ANuclides with n’p" ratio than the band of stability often decay via positron-emission. P* >n’+ /el
d)/Radioactive nuclei that are heavier than Fe tend to release energy via fission reactions. P
#2. (2 marks) The radial part of the 2p wavefunction is shown here, 1 7 132
where o is proportional to r (distance from nucleus). What is the Ryp = —#= [-———]
V3 L2a

physical significance of the circled term in the equation?
a)x It is responsible for the electron density being extremely low very close to the nucleus. Sl Sl
a

6 b)\/it is responsible for the electron density decreasing far from the nucleus. when When

¢)XIt is responsible for the radial (spherical) node within the orbital. ris Cic
d)X All of the above. Swal louac
#3. (2 marks) Which one statement below about valence bond theory i@
a)\/ Hybrid atomic orbitals are used by non-terminal atoms for forming ¢-bonds and housing lone pairs.
g b)¥A sp°d hybrid orbital set formed using the d,>.,* orbital provides the square @- geometry.
¢)v"Multiple bonds are formed via overlap of unhybridized p or d orbitals.

d)” Face-on overlap of two d orbitals results in a 3-bond.

#4. (2 marks) Which of the orbitals shown has/have an angular node in the xy plane?

a)Xdey & A2, o |
R Dde&dy 1 = - k
c)%dy, & d y
s, By s
4 v

2
d) Xd,” only 4, gy
Cff“;i@c‘ X I oves e aluvtﬂ X4y

#5. (2 marks) Which choice below represents the electron configuration of a ground-state v g
a) [Ar] 43¢ = V/ edown
b) [Ar]4s3d' / .
D c) [Ar] 4s'3d? § 0Ll vissing

VAT 438 2> gqrrand state fonidien wnets
Ao met hawve Valewce €7° v s orboifal s
#6. (2 marks) Which statement below@NCORRECTL _Y)matches the scientist with their work?

a)/Heisenberg determined that we cannot know an electron’s momentum and position at the same time.
b)/'Schrédinger pioneered the quantum model that treats electrons as standing waves about the nucleus.
c)XEinstein derived an equation that shows that a moving electron has a significant wavelength.- D¢ B(Da\ e
d)vBohr proposed an atomic model based on electrons in circular orbits around the nucleus.

e SN posqb' {lea
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#7. (2 marks) Which choice below shows the correct ordering of the radii of Fe, Fe?* and Fe**?
a)Fe = Fe** = Fe&** % P B cntions o WK«TS
b)<Fe < Fe*' < Fe** la%l/.f\' Smalkar +Hhan atom
C F* < Fe** < Fe la + . Shie dlr\g is less
dxFe?* < Fe* < Fe (fewer 272)
== =) Fewe/y'r e =D ’ow@#

#8. (2 marks) The diagrams below show three possible configurations of the 2p electrons of oxygen ey =DJ ok

(T\LT T) (T¢T ¢) (T¢ P )
A 0T — 37, (i) Te —2T, (i) D7, — 277,
o
Which one of the following statements is TRUE? loask stalle
a) |/(i) has the least destabilizing pairing energy (Il;) & the most stabilizing exchange energy (I').
b) X(ii) has the least destabilizing pairing energy (Il;) & the most stabilizing exchange energy (I1).

c)” (iii) has the least destabilizing pairing energy (I1;) & the most stabilizing exchange energy (Ie).
d)* Allﬂg'uf configurations have the same pairing energy and the same exchange ener

PART B: FULL WRITTEN ANSWERS (answer on exam) i

TYPO HERE 222U ' /
#9. (3 marks) Show thaj esults fr‘—m%Ks%cc e a, B, B, o decays o %uto um-240,) Write

balanced eguations {0 decay process.
4 =z A7 )‘eCJLY)

Starting, 200 p, <, IHe + 235 1 /(,ﬁ%_o\gfﬁ—_ﬁ 2n
3 %
5 zcu(’ U -@—e:swp#‘ e” /(WEL%MJ

&= 2% m Write each ceachon separately, mot]
ethar a3 N]O e ¢ Pu t o€ A in o line, +o c/(eaflg show 2ach

Jiems

("“fw 23(;9 —S ¥ pe + ruwhwlj reactant + l""’”‘“‘h
s * 21 ” asked for BALANCED eguaﬁm\r

#10. (2 marks) Use the radial probability functions shown in the
diagram to explain the difference in energy between 3p and

3d orbitals in a ground-sfate multi-elec tom

51 Léaelorh.{%mpe?ﬁ;ﬁe doggl‘}m Ha mdews

%an a 23 obiial = see ® Yk shows Hhe tver
7 e of enhanced pobability fie a 3p electon ak

Shodt Aistante fovn Hhe wntlews. TS mog g +he

electon feels ouecall lels \/\ola\n\g Ffrem ooy
ele chrone (i€ Fee\s hml\er effectie nuclear rl«mr_?re7 .
m addition o bein 01 \H e cloSer s Har {)OSI"(\/f charge of My nmeleus enetralon

T'AQSQ '(\"&C/'"D(_Y \OQ'\’L\ make +he 3{) 6\Ec+ﬂ)n {'\ec( o S"’{Dn 2 G-'H\"T(C’hd\q "’D Nucleus.

\ Yot wadde ws han o 24 lechon would feel  Strnaec ol action means
9l %re_,\i-* r stabihzad ion, which wmeans dle 3() ovlrial 15 af Lo\/\JEﬂ ENERGY.

Howgh 1} i a Swallprobo,
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#11. Effective nuclear charge is an excellent aid to understanding differences in properties of the elements.

2
a) (3 marks) Using Slater’s rules, estimate the effective nuclear charges experienced by g3p ﬁectron of
fluorine and lectron of oxygen. '<imn /| sh t'&lotmﬁ? staeh g Wity ol flerent nuclear charm el

2p
o O 3\]0 £ is shielded a o) .bj each |s e pnd a I'itle luj. tach 2s + 2p ¢ (ot hLSelF.l)

 [ToxeeN (Z=%) FLuoRinE  (2:9)
3 [ Slater (bnﬂgurc\'\\or\ 5((57_)”% gLZs’;zP")E \/ %(Isz)g 5(152/ 2,05)} v

#Sk\'e\dxnj Pacameder € [ 2(0.85)+ 5(035) = 45 W | 2(0.25)+ 6 (0.25) = 3.0

T

Effective aucten? €25 = \’/ 1-3.30 = (5.20)X
| Cham®) T — T R pore Shield
b) (2 marks) Use your answer from (a) to explain what causes the difference in elecﬁﬁﬁat%@ﬁmfﬂc R
oxygen and fluorine (recall that the Allred-Rochow definition of electronegativity is based on effective
nuclear charge). F has T shielding BUT nucleus hqs T charme J NET €FFECT stjl T 224;5) vs. O.
Electroneqativity in all s Aefinidions represents the abilhty of an alom

Z 4 pull electons hwards st lf whether e Ce electron s ate 1 owa

o shated vin covalend l,bvwlmzj. As  Zer mereases,, the ¢ q-—Nucleus
oldcaclion mereases, and So fthe elechovns are )oulleJ closer Fo the

mecaus—e the Zefr felt lo-j +he valence e F 000 fluo ring
is larger Fham for OXygem | fluocine (M”S e towards ihsell were than

0XYgen, and NS Tluacine. oo Waher eloctooneaat vy,
#12. (4 markjs;}éon)sider tﬁe trigonal bipyramidal molecule T i d - J

AX
a) why the chlorine occupies an equatorial site. 2. reasons KX + s lage : lﬁ L’a@
This "IS elated +o I.’_V_\_Lf\\‘miiﬂ'r\g (f?w(s'cy\; Lehveen 117.8° F\;/P——CI £Q
EonAn’Lq electvon \06{\(‘3 AND behu-ec.-\ Peflf)l’\e(“a.ﬁ alomc F ‘J
Z_ (Conin'o(_umw S\Q?A), E_?Lua"h"(ua,f sites are pnvre --._.}"?_n(;,oug) F
because there are r\e\ﬁl«bow-v\j peripheral alome 9° quuay (St m¥) vs,

3 x90° mteractionns For asxaad s'tea (See ), To give both +he P-¢t
m\nd\r\q electrons (held nearly midway Yetween Po CI‘) AND Hhe Jarge CL

olom Tt mocT Space pocsiLie ), dhe” (£ atom Otcopien p 0 site .
b) why the F-P-F bond angle is less than the ideal trigonal 120°. 5 r?a.ibns ~,wf o W,\-.. 2[6»16;‘}:%:0: polaikc

ﬁin'\c idea ou/\ﬂlt between oL ebuajof'ﬁa siteq " Iy ”‘rn‘aoym/ Sp

® ; e (peame
é,.g 120%, but here Y angle s a IHle [efs s ¢ related to Fhe

05;4'0»,\,‘,\0) of the \'JOV\JM9 e s i The high y Polar P-F bonds.
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#13. Permanganate anion, MnOy, is a powerful oxidizing agent that consists of a transition-metal atom
covalently bonded to four oxygen atoms.

a) (1 mark) Write the ground-state electron configuration of elemental Mn, and specify its number of
valence electrons. ~ Mn®
5 ¥

2
\ M (A4 347,
\)(“ 74 velence <l fron §
b) (4 marks) Draw the optimized Lewis structure for MnO,’ (and all equivalent canonical structures),
showing all lone pairs and non-zero formal charges.

MnOy~ > T+H6)+1 = 2L X Vvale ( prelimia ry n
&Tl/\e (“V\O‘/‘\bﬂl S.}W(/‘}-\lre \)f]‘“’\ VV\\V\I.W\\‘?(_J 'FD‘W\Q| ka 5 ‘W.H/t\ A'ﬁ.&l <
. hell o M
allowed for 4 el 4) s Show e ,"frﬂéf.—u A f’jm"‘ ¢ .
Ve —
L\, o ‘3 5
Ma=9, &= (0-Mn=0. o
» 0. 0 ) | ‘ ‘

¢) (3 marks) To describe the resonance hybrid from part (b), complete the following table.

Average metal-O bond order | /4 = 1.75 | Geometry of metal atom (1d) |tetra lhedral 1 I
3) Average charge on O T /4= -p.15 | Oxygen-metal-oxygen bond angle 109.5° N
Number of n-bonds 2 Hybridization of metal atom <p>
29T bownds over Y albm Paits rp 7 <—-4h.oa~cce,pi-z.!
d) (2 marks) Sketch the overlapping orbitals involved in the metal-oxygen c-bonds (i.e., the whole
sigma framework). . DM usia q <p? hybrids
Mn Woina O uang p ocbitalg
4 x 5,:) 01[) al 2 ( 2 ’\\/bﬂ'diteci O)
Sin If show 0 as >p-hyb.
2_ WQQU 6 ?{ con Araw  alf SPSPZ ZY Wl

e o0, fron make
F-bornd with one 4
houat 4 & lone patrs

in the cerainang 2 Spl
) (1 mark) BONUS - Apply background knowledge: Given that the metal-O bonds are polar, what 1s
the oxidation state of the metal atom in this anion? Why does this make it an oxidizing agent? (0Adizes others)

\ o [ tal of 7 houds b O) wihich O "hoﬂs Yhe €lechons
e Oxid ofe Poe{—eml(mj Jﬂ\g Mo~ e/!echm\etaa»h ¢ ochom
i ga eals aw e el - bqulrkj e
\ Thus & newbal M — 1 es : (le pec bond) = My +VIC (+7 0X. date )
| k Mwn (E) is Ve @ poor, <o is %004 at stealing €5 Ve, oxiditing other species




