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SwissChO 2023 Central Exam - SOLUTIONS

PROBLEM 1 - PERIODIC TRENDS 12.0 POINTS
1.1a The first number shown below the electron shell diagram (1 pt)

1.1b pm - picometers (1 pt)

1.1c Answers will vary. The distance from the center of the atom (nucleus) to its outer electrons. (1 pt)

1.2 The atomic radius gets larger as you go down a group (column) in Model 1. Thus, Li is smaller
than Na. (2 pts)

1.3 Atomic radii increase top to bottom because the number of energy levels increases, decreasing the
“pull” on electrons from the protons in the nucleus and making the size of the atom larger. The highest
occupied energy level has the greatest radius because as the number of electrons increase, new energy
levels need to be added further away from the nucleus, making the size of the atom increase. (2 pts)

1.4 The atomic radius decreases from left to right across a period. Li is larger than F. (2 pts)
1.5 Atomic radii decrease left to right because the number of protons increases, which increases the

attractive force on the electrons, and pulls the electrons in the same energy level closer to the nucleus.
(1pt)
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PROBLEM 2 - CHEMICAL BONDING 10 POINTS
2.1
H
.,.O/
@ @/H P H\ /B\"/H
Li .0 ey 0
a) 1pt
b) 1pt
c) 1pt
d) 1pt
2.2 Fill in the table below appropriately. (6 pts)
Dipolar moment Main
Formula | Lewis structure VSEPR (3D vectors intermolecular
molecule) e
Ex: H—F force
- Cl .
=<|3'-' C|' Dipole-
CH:Cl | y—C—H Hit C HitteC dipole
’ SIPQ2E
| g H
H
H
X H H
: 0—H o ‘-é< H-bond
HO | | | |
H
H H
A 0.
|O e none LLondon
0 S—o0 - -
S0s | s—o: J e dispersion
®) “
_u,. - forces
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PROBLEM 3 - STOICHIOMETRY 10 POINTS
CaCOs (s) + 2HCI (aq) — CaCl; (aq) + CO2 (g) + H20 (1) (1 pt)

3.1 Mass of CaCl, in 400.0 L of solution
Mcacl, = p* V % weacl, = 1.338 % 1039/ L % 400L * 0.350 = 1.875 * 10%g (1 pt)

Associated number of moles

_ ™cCaCl, _ 1.873x10%¢ __ 3
MCaCl> = Mgy, ~ 110.98g/mol — 1.688 * 10°mol (1 pt)

Number of moles + mass of necessary CaCOj3
Ncacos = Ncacl, = 1.688 x 10mol (0.5 pt)

Mcaco; = 1.688 * 103mol * 100.09g/mol = 1.690 * 10°g = 169kg

: MCaCO; _ 169.0k
masso flimestone = Miimestone = wczcoj = “hos > = 1729 (0.5 pt)

Necessary Volume of HCl:
Number of moles of HCl = ngc) = 2 * ncacl, = 2 * 1.688 * 103mol = 3.376 x 103mol (1 pt)

Psolution = @ * Pio, e = 1.18 % 1.00 % 103g/L = 1.18 ¥ 103/ L (0.5 pt)

Yaal = 1.18 x 103g/L % 0.360 = 424.8¢/L (0.5 pt)

_ JHQ . 4248g/L
cHal = MI;CCI = 86'46g§m0l = 11.65mol/L (1 pt)

_ "Hal _ 3.376x103mol __
Ve = CII;I(C;I - 11.68mol71[? =290L (1 pt)
3.2 Volume of CO, formed
nco, = Ncacl, = 1.688 * 103mol (1 pt)

We consider CO5 as an ideal gas:

_ g, BT 1.688+103mol+8.3145J /mol+k+293,1K __ 3
VCOZ - D - 1.00%105 Pa =4L1Im” (1 pt)
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PROBLEM 4 - GASES

Q-oum U
/‘_LT‘;‘:_ Syslowm A
&) .
Vy = (o,u') g6y 7
=0 “v
Qo = por'ssbe
Az oum

e—" T4= 300k
\_____/

. ,,1 JJP.L. il

™

Sasluq 2

Paz7

To =300

4.1 P1Vi == P2V2
Py = PVi __ 101325%0.0172 _ 118557, 14Pa (2 pts)

Va 0.0147

AP = Py — Py, = 17232,143Pa (1 pt)
p==

S
F=Pxs=17232.14 % (22)% x 7 = 848.88N (1 pt)
F=m=xg
m =L = 5838 = 86.23kg (1 pt)
4.2 V3=V (1pt)
n_
T3 — 1>
Ty = Vgl = 0018300 — 351 02K (2 pts)

T5 = 351.02 — 273 = 78C' (1 pt)
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PROBLEM 5 - CHEMICAL EQUILIBRIUM 10 POINTS
5.1
2 NO2 = N204
Situation initiale = 0.0670 M (Ipt)
(3.35/50)
Equation 2X 0.067-X = 0.0643 (Ipt)
M
Equilibre 0.0054 M 0.0643 (Ipt)
> 1\ C’
Kc = [\o > (Ipt)
0.0643
FA = c— = P
Kc ooosaE 2 2'205.075 (Ipt)
5.2
AH = / . k] k] s 5 kJ g
AH, = AHg(y,0,) = 28Hs(no,) = 916 /01 — (33 18 fmoi) =372 " /inol
réaction exothermique
(1pt)
1) Travailler a basse température (1pt)
2) Travailler a haute pression car 2 mol a gauche et 1 seule mol a droite (1pt)
3) Travailler avec une concentration élevée de NO; ou retirer le N2O; au fur et a mesure
gu’il est formé pour en diminuer sa concentration (1pt)
5.3

N204 (g 2 2 NOz (g)

K = = 1 =4535.-107¢(1pt)

cindirect Kn divors 2205.075
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PROBLEM 6 - THERMOCHEMISTRY 10 POINTS

6.1 2Al + Fe,O3 —— 2Fe + Al,03 (1pt)
6.2 (2 pts)

AHr = AHf (Ales) - AHf (FezOs) = _1675.7 - (—824.2) = _851.5 <0 = exothermic
A

REACTANTS,

Potential energy

PRODUCTS

Y

Reaction pathway

6.3 AGr = AHr « T'Sr = (—851.5) * 298.15 * (—36.5) = —840.6 < 0 -> spontaneous (3 pts)
6.4 AGr=0—T = AHr/Sr = 23.328K (2 pts)
6.5 Thermite (1 pt)

6.6 For soldering railway tracks together (1 pt)
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PROBLEM 7 - CHEMICAL KINETICS 10 POINTS

7.1a B, E and F since they are all ran at the same temperature with different concentrations or areas
to react. (3 pts)

7.1b D will have the greatest rate, since it has the highest temperature, concentration as well as the
best ability to mix. (2 pts)

7.2 (5 pts)

English

008 ................ ‘.

0.06
y =-0.0053x+0.0994

R?=0.998
0.04

0.02

0 1 2 3 4 5 6

The concentration vs time graphe is constant, hence the reaction is of zero order.

v=k meaning you need the slope of the curve. K= 0.0053
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PROBLEM 8 - ACID BASE 10 POINTS

8a (6 pts)

a) Pkal = 1.9, pkaZ =74
By comparing with the table below, = HiPQu

8b (2 pts) H3PO3 + NaOH —— NaH,;PO3 + H,O
NaH;PO3 + NaOH —— NayHPO3 + Hy0

8c (2 pts) A mixture of xylene cyanol and themolphtalein. It starts off purple, transits to green and
then turns blue.
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PROBLEM 9 - REDOX 10 POINTS
9.1 Fe?t — Fe3" + e~ (1 pt)
9.2 MnO4~ + 8H" + 5 —— Mn?" + 4H,0 (2 pts)

9.3 5Fe?" + MnO4~ + 8HT —— 5Fe®" + Mn?" + 4H,0 (2 pts)

9.4 (4 pts)
SEe*t + MnO« + 8HY — SFe*t + Mn** + 4HO
C: 0.025 M
V. 0.0245 L
n: 0.00306 0.0006125
mol (Ipt) mol (Ipt)
MM . 151,908
g/mol
(Ipt)
m: 0.465 g
(Ipt)

9.5 Teneurmassique = 0'4% * 100 = 46.5% (1 pt)
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PROBLEM 10 - ELECTROCHEMISTRY 10 POINTS

10.1 (6 pts)

Cenl = Co}l“"‘('

[ wu\‘-wan.( = 3,\0‘ b“&y o
| - c‘j.b-oi(-:—(’”‘w'

/uﬂ'

S,,_“- wm[—w = th“(‘ab

—

alomsnam can = fnede = nesal®e 0t

10.2 (2 pts)

O, +4H" + 4e- — H,03E=1.23V
ARt +3e- — 3 Al4E =166V

302 + 4Al + 12H" — 6H,0 + 4 AT

10.3 (2 pts)
AE =1.23 — (—1.66) = 2.89V

Figure 1: for 12 Volts you need at least 5 systems wired up in series

r (o
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PROBLEM 11 - SOLUBILITY

11.1 (1 po)
CaCy04 +— Ca?* (aq) + C2042%™ (aq)
K, = [Ca?T] % [C204%7] = 2.3 %107 M

11.2 (6 pts)

m = 0.768gM (z) = 128.102g/mol (1 pt)

n = 31(z = 6.00 * 1073 (1 pt)

S = [Ca2+] = [020427]— >K,=5%(1 pt)

S = K5 = 4.8 %10 °mol/L (1 pt)
S=2-—>V=2=_0000mol__ _ 195[ (2 pts)

11.3 (3 pts)

I =[2.5%1075M] * [5.0 * 10~*M] = 1.00 * 109 M2 (1 pt)
if IT < K, (1 pt)

No precipitation (1 pt)

English
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PROBLEM 12 - ORGANIC CHEMISTRY 10 POINTS
12.1a Step W = reduction, so LiAlH4 or NaBH4 (1pt)

12.1b Step Y = Addition, so HBr (1 pt)

12.2a Step x = dehydration (1 pt)

12.2b Step Z = Oxydation (1 pt)

12.3 1- Brombutane (1 pt)

u w ¥ 7
o em o K
- c-C - -

HI‘II

kK n H B

12.4 Tollens reagent AgNO3 + NaOH. The aldehyde will be oxydized and not the ketone. (1 pt)
12.5 Because the double bon dis on a terminal carbon and there are no assymetric carbons. (1 pt)
12.6 D and E each have an assymetric carbon. (2 pts)

12.7 Butan-1-ol (1 pt)
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