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PART A: Multiple Choice Section [2 points each]

1. Following the octet rule, the formal charges on the sulfur and oxygen atoms in the sulfite ion, 8032 =

respectively, are Q ® = s *-3&0)‘%3 = Qo g
@H and -1 — I __@ o ~aY,
B) +1 and -2 \QX.S'KO[ St le e (from Pnadi (ki) QL
J\( C) +2 and -2 ;{ . S L foomn Reung dimé'rw)
D) +4and -2 O lo e ({‘Ym’?T) {O\ 4+ \ q:@l'ﬂ'\ﬂﬁ&ﬁ/f%ﬂ/
E) +6 and -2 -F e (d—&aﬁaﬂm) et @
e Ux2) +6 = I
2. How many oxygen atoms are present in 2.0 moles of copper (II) perchlorate hexahydrate, Cu(C104),"6H,0?
24
A) 1'2“024 a MQQCLLLC%D x (6,022 ot > milepclen ¥ 14 ocygunadws
B) 7.2x10 ot CoBTL ) ot s
M 2l
. 0) 9.6x10% | - 4 lnflet
I D) 1.2x10% = 1.9y 3° _ |
= LT kio A2 A S
(ED 1.7x10% 3k o
3. A steel tank contains carbon dioxide at 34°C and is at a pressure of 13.0 atm. ?\r ART
Determine the internal gas pressure when the tank and its contents are heated to 100°C. e
B)15.8 atm 4 R Al | =13.0alm  Cpmstant
C) 10.7 atm s = loptr 4R 15 = 3RS K D-l = 7 o B i, B
8 D) 9.4 atm > o = "\?':r"
E) 1.9 atm __TL =3 g ?lf?ll?— — 13,03~ X 333.S =« IS ¥k 2
\ by T =IENEN"4
4. Suppose that the electron spin quantum number could have three possible values.
Which of the following atomic numbers would not correspond to a noble gas? Mgq, Normally han

A) 3v Ho iatwicw =9 lorbdal Wi g b lorbid Wy 3, Values L3 v~k

. _ | 2
B) 15 v s NewoatewiC & = 33 24 h‘,h_

C) 27 w7 . = S ; - S i
D ) 17 Vv G IO/&E@Lr-arb;&Lﬂ 3K e g i %hﬁ ELOQ
.‘@ - . N "‘___"“9-3 &5
B8, Prgyxs =a3 A ts PEES Lo uvat o, 3 7
-Kr; ‘2 (o/ax% = Sy 2 “{) EX

5. In the direct reaction of Si(s) with Cly(g) the yield of SiCly() is 55.0%. How many moles %jtk wouls) Ju;i_@ 5

chlorine gas must be reacted with excess silicon in order to obtain 2.00 moles of SiCl,?
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6. Predict the shape of SeF;". s (0+3(F)-| = %E{Q o
A) trigonal planar —Q\—i,
@rigonal pyramidal = 2= = .
C) trigonal bipyramidal |E —~3e ~ .\___l
% D) seesaw l ADE Fles ]
E) T-shaped 1 Es 3 =

y o F :
3IN=Y4 -'(v\a "Pu&*ra,vwicl?(_p,
7. Which of the following statements is (are) true? >
'DLL,‘{ e

I.  Anexcited atom can return to a h}él(gr energy level by emitting light energy. F
I An atom can be excited to a higher energy level by absorption of light energy. |
II. The frequency and wavelength of light are inversely proportional. ~~

A) I only C(:M.\): J‘i‘_

B) II only o @
/D C) I and IIL only YV o I/

(D) II. and I11. only A

E) All three statements are true.

8. A 20.0 mL sample of an element with a density of 3.0 g/mL contains 4x10* atoms.

What is the atomic weight of this element? C . = ;

A) 300

20.0p. = (D
(BP0 %'Og/m&x 0P 3 o Lo _ qoﬂ/-
C) 60 - 0. kb umat il
D) 40 o apa x Iefe o 6 LuU el
E) 10

l.v22 x:ollél,)e(\g

9. According to the VSEPR theory, the F —P —F bond angles in the PF; ion are predicted to be
(A)<90° and < 120°

= VIS 4@ = 34T
B, .
.5° only = R
\}k D) 90° and 120° ft;/? =1, AWy
E) 180° onl T — = «
IN=5 less +Ranr G0
10. W’_@f 0.332 M Fe(NOs); solution contains 0.3736 moles of nitrate ions? :2’2“
A) 1.13x10° mL 2 Y ——
P ol by | el Feo (N
B) 413 mL 8.2 wall My eNDg),
@©) 875 mL 3 =
C D) 125 mL I iy oz
E) 6.78 mL = O. 1245, mt:{_\”}/(t\)[)ﬁ\z < )1 < looomL
- 23 |}Z
= 1S5 m A< 0.339
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1. Which of the following statements is true?

ARrey

A) The first ionization energy of H is greater than that of He. F  T,¢, A{\ L—>R '« He>H
@The 1onic radlus of Fe' is larg:cr than that of Fe'' T A & r.e_mu) e ol s S.hrka/)

C) The electronegativity of P is greater than that of CI B Ear 15 Q,m\ h—> 24 - Tk BT

D) The atomic radius of Li is larger than that of Cs. = ~ e

E) All are false. Ahsvwrc rad. T 'gh‘,m JfOP to bothom b/Q,

Lt
(Woek Acict SYTIV\ base - u,i&t. d‘{g o:
12. The spectator ions in the reaction between HF(ag) and KOH(aq) are { ) ——

A)H",OH ,F and K’

B) OH . F and K' HF(QEQ 4 KDHUL\-) — Kpm{? 4 \-\710
-~ OF andK' <o W¥eaqy ¥ sy Olagy = R0 4 Fe )+,
D) OH" and F o il i

@(+0nly NT € Hi l(Ot\)) + OH@.,,-\) =) pc,hl\ 4—“1 (@3

Loyl ll’\&ﬂa/ho

'%auu_(‘fm a.,b-(,z_,’-fS HE o e

wWealde
oeld
oa.'. [tﬂt/)
het clsetiad

13. I 6.672x 10" moles of KOH is required to completely neutralize 25.00 mL of an aqueous solution of

phosphoric acid, H;PO,, what is the concentration of the phosphoric acid solution?

A) 0.2669 M
B) 0.8007 M SKC'H@\; + 143104@[\; — Ky Poy G t 3,0,
08896 M G A2 w6 Pk AS.00ml x L - 0.0%S00t
D)0.1345 M " g 1oDOML
E)0.1778 M .
5MM(+ 0.0ASLOo I, SR
14. Which of the following atoms has the largest number of unpaired electrons in its ground state?
A) Sn z=500 (Kr]H41© 52 55% iy 14 — & Qurp av<d g
B) Rh Z=45) {y¢) yatas? AL F A F6e) Bunpuicad €5
(. OMo@z=4) {g) 445 55 4 44 4 4 1. Bdjss) o unguird

D)Sr (Z=38) (kc) 5oz j'hs-c,)‘“@ L pasredl s

15. Consider the reaction: 2P(s) + 5Clyg) — 2PCls(s). This diagram shows @r % o @% P LI

a mixture of P and Cl,, where “O” represents phosphorus, and each 2 o %

o fo

symbol represents 1 mole of the species. How many moles of excess o

G2 —
reactant are left over after the reaction is complete? % g“e Q’f:?-' O( el
A) 8.4 moles © Fy o

B) 8.0 moles ‘Q‘M X 1Ren = (0 Runs possihlc

: :: - AN
]b( C) 4.2 moles QW) Sl

D) 3.6 moles Qmollly « Voun = LT fun @oscele Fo k;,m'h;j Qmpswt

E) 3.0 moles )JE‘
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16. For SFg and N5 |, resonance forms can be written for N T i = éx‘gﬁf |= l(o.e i
A) Neither St =L+ bl@)= 4%
o
B) SFs only Sy |5 N Tl\x \\F
=2 =
@N{ only = = - Y 2Cona
. T o u &
L D) Both /\S\ £ nonsonaes IN= nv— K) i
= = e
N #l l:\e) - 00 8 b olho. N L
IN — »rz 45

17. Acid rain can be produced through the sequence of reactions that follow:
4FeSy0) + 110xe) - 2Fe:05(9 +@soa{g1 £ intermeduialn

How many mo_l_gs_@lj_sf().; will be gmduccd from 5.00 moles of FeS,?
i, S NS S
A) 1.25 moles g

B) 2.50 moles Supapal ;—(3/2‘4 %&‘:5__/562 x AmlS0s v |@6_{ th S0y

f"i) C) 5.00 moles D) ¢S, QMU | mOARD
< ()10.0 moles . ‘)A/ﬁ

E) 20.0 moles = 10,0 mstes M0 witd be produceed

18. What is the ground-state electron configuration for the cation in TiCl,-6H,0?

i

A) [Ar] 3d%4s? e N
B) [Ar] 3d'4s' o B=92) 5 LAc14¢* 347 — Brat Skt FAr 342
C) [Ar] 45> o Yodocic Tavle
9 (DY [Ar] 3¢ ™~ 2 valiose 4 [Arl ?)dl%
44 2 . - o . -4
E) [Ar] 3d"4s micat R Qude vneat g L\) f)\t‘) M’Z_

19. 1f 0.0100 moles hydrochloric acid, HCI, is completely neutralised with 0.250 M Sr(OH),,
how many mL of strontium hydroxide is required?

%Dgg:g zi Q Weaq> + SrloH) ey %rCQ-UDU + (G,

C) 40.0 mL 0.0Voo mel 0. ASO met/,

D) 50.0 mL RN

E) 80.0 mL O.0100 Mo MEL % Imol SO, 1L x 000G g0
Ot 0.9SOmel SGW) I

20. Consider the molecules I3 and XeFs. Comment on their polarity.

A) Both I5~ and XeF, are polar. Tt =By s\v= 800 Xe Fy

B) 15 is polar while XeF, is nonpolar. - N — V= S441LY) 230"

C) XeF, is polar while I3~ is nonpolar. \-I B —E‘ _I:_ \ - ',] I;_ B R %?:__

. e 2
@Both I3 and XeF; are nonpolar. ARSE 3 | L )(If“‘ﬂ El (.\rgq B
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- Answer to Question#1: A sol’n was prepared by dissolving 0.3865 g K,Cr,O7 in water within a

ORANGE 100.0 mL volumetric flask. An iron sample of mass 0.700 g required 17.70 mL of the K,Cr,O,
6 sol’n to reach the end point. How many moles of FeCl, were in the sample? What is the mass
11 percent of iron in this sample?
29 6FeCl,(ag) + K2Cry07(aq) + 14HCl(aq) — 6FeCls(aq) + 2CrCls(aq) + 2KCl(ag) + 7H,0())
MM: 126.74 294.20 36.46 162.19 158.35 74.55 18.02 g/mol
33 .
Solution:
44 n(K2C»04) = 0.3865 g x 1 mol/294.20 g = 0.001313; or 1.313;x10° moles v/
55 [K2C,04] = 1.313;x10°° mol/100.0 mL x 1000 mL/1 L = 0.01313; M or 1.313;x102 M v’
6 ® Reaction:
77 n(K,C,04) used = 1.313;x10 mol/L x 17.70 mL x 1L/1000 mL = 2.325;x10* moles v’
(0.0002325; moles)
an n(FeCl,) present = 2.325;x10™* mol K,C,0, x 6 mol FeCl,/1 mol K,C,0, = 1.395,x10° moles v/
(0.001395;, moles)
5 *1f n(FeCl,) = 0.007882 mol — didn’t include dilution — 2 pts out of 4 (see below).
11 Nee present = 1.395,x10° mol FeCl, x 1 mol Fe/1 mol FeCl, = 1.395,x10°° moles
22
33 mass Fe = 1.395,x10% moles Fe x 55.84 g/1 mol = 0.07790; g v/ 6 /6
4 4 % by mass of Fe = (0.07790; g/ 0.700 g) x 100% = 11.1% v
*If n(FeCl,) = 0.007882 mol used, would get 62.9% — overall 4/6
5@ If n(FeCl,) = 3.876x10°° mol, + 6 and if final answer is 0.309% — 5/6
6 6 Answer to Qu#2: 2 pts each; -1 for each mistake (e.g., charges, phases, brackets & species).
soluble soluble insoluble soluble

(1) Nilyag) + Pb(NO3)2ag) — Pbl, (s) + Ni(NO3)2(aq)

5
Ni**(aq) + 217 (ag) + Pb**(ag) + 2NO3(aq) — Pbly(s) + Ni**(aq) + 2NO3 (aq) /5

NIE: Pb**(aq) + 217(a) = Pblys) vv'
(Next part is based on Expt#2)

soluble-strong acid insoluble soluble reacts further
(ii) 2HNOg3(ag) + CaCOs(s) — Ca(NO3)s(aq) + H2COs(aq) — Ca(NO3s)2(aq) + H2O(1) + COx(g)
2H"(aq) + 2NO3™(ag) + CaCOs(s) — Ca**(ag) + 2NOs (aq) + H20(1) + CO2(q)
NIE: 2H"@q + CaCOss — Ca®(ag) + H,O@) + COyg) v VY

If: 2H%@q) + CaCOss) — Ca**(ag) + HoCOsag) 2 pt
If: CaCOss — Ca**(ag) + COs(ag) 1pt

Turn over for next quest
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Answer to Question #3: Hydrochloric acid reacts with aluminum to form aluminum chloride and hydrogen, i.e.,

6HCl@ag) + 2Alis) — 2AICl3ag) + 3H»(g)

If 0.9687 moles of hydrochloric acid reacts with 0.6295 moles of aluminum metal, how many litres of hydrogen gas are produced

at 100.0°C and 1.00 atm?
n(H,) via HCI = 0.9687 mol HCI x 3 mol H,/6 mol HCI = 0.4843; mol H,v" OR 0.9687 mol HCI/6 =0.1614s
n(H,) via Al = 0.6295 mol Al x 3 mol H,/2 mol Al = 0.9442s mol H, vV OR 0.6295 mol Al/2 =0.3147s

HCl is the limiting Reagent — must compare the 2 numbers in some manner to determine LR

n = 0.4843; moles H, T=100.0°C =373.15K P=1.00 atm = 101.3 kPa

V =nRT/P = (0.48435 moles H,)(0.08206 atm-L-mol™-K™)( 373.15 K)/1 atm

OR v’ (substitution)
V = nRT/P = (0.48435 moles H,)(8.314 kPa-L-mol™-K™)( 373.15 K)/101.3 kPa
V=148L v

If V=13.0L, used Al (0.5296 mol) instead — 2 pts only because didn’t evaluate LR
IfV=25L, used 0.16145 x 3/6 = 0.080725 moles H,, but calculated V correctly — 3 pts

Answers to Question #4:

4
/4

- - / / LN}
The molecule has 12 sigma & 3 pi bonds. H H-N -H
|

5/5

| oo
o C=C-C-0-C=N:
The Og - Ce - N¢bond angle is 180°. v/ | I-|Ib Il-IC . f

The type of orbitals that best describe the bond between atoms (b) and (c) are sz - S|'Z)3 v




