Name (in ink)
Student Number (in ink)

Fall 2014 SC/CHEM 1000 A - Quiz #1
October 2, 2014

Calculators are permitted.

Answer all questions on this paper; additional paper for rough work is not
permitted. You may carry out your work in pencil if you wish, but please
write your final answer in ink.

Assume all gases to be ideal unless otherwise noted

Time Allowed: 50 minutes Total Marks = 30

1. (5 pts) Hz(g) and excess Oa(g) are mixed in a balloon (H; is the limiting reagent), and
the balloon is exploded with a spark to produce water via the following reaction

Ha(g) + 1204(g) = H,0()

Before the explosion, the partial pressure of H, was 645 torr, the temperature was 25°C,
and the volume of the balloon was 1.12 L, how much water (in grams) was produced
from the explosion?

1 = 0.700 g H,O

H,0



2. (6 pts) Airis placed in a cyIinq,er with a piston, as shown below. The area of the
bottom of the cylinder is 7.44 cm”, the height, h, is 14.0 cm, and the

weight

-

Ideal Gas

bottom area = 7.44 cm?

pressure of the air inside the cylinder is equal to ambient pressure, Py, of 781 torr. A
weight is then placed on the piston, and the gas compresses to a new height, h, of
6.85 cm. Please calculate the mass of the weight.

m,, = X, 24 kﬂ



3. (6 pts) A 22.7 L helium filled chamber at 298K has a tiny hole of area 1.63X10”° mm?®
punched in it through which is leaking helium at a rate of 2.25X10'® atoms per second.
How many atoms of helium are in the chamber?

N=9.9¢x10* atoms



4. (4 pts) A fat guy drinks 32 L of ice water at 0.0°C, and his body warms the water to

body tempetature (37.5°C). How much work (in kJ) did his body have to do to warm the
water?

Q,: .0 x 103 k3



5. (5 pts) Write down any five postulates used in kinetic molecular theory to define the
model of an ideal gas.

a. Pa-tcdes have no  Volume

b. Pourbcles hove no ‘ntFercaction

Al Cnergyy i Kinehc

£

Enery 1S Constrnt

L]

+Pr'£ssu.re (s Coaused 19& Parh‘cle:. sh—.‘kinj
wWalls .

-Each PG\/‘HCLC moves 1N G S‘f‘f@u'fjlnl- lrhe
pak,  aF  Conatank  speed.
) PWHcles move Wwith oo dishrilbbuhon oF speeds

- all collisions with  walls ore elashe



6. (4 pts) Referring to the table of van der Waals constants included in this quiz, which
real gas in the table has

a. the smallest particle A v 8 on

b. the largest particle gmm oben 2ene

c. the weakest interparticle forces

Arﬂon

d. the strongest interparticle forces B DO b(’, n2ene



b a (L2bar/mol®) & b (L/mol)
Acetic acid 17.82 0.1068
Acetic anhydride 20,16 0.1263
Acetone 14.09 0.0994
Acetonitrile 17.81 0.1168
Acatylene 448 0051%
Ammonia 4.225 0.03707
Argon 1.363 0.03219
Benzene 18.24 0.1154
Bromobenzene 28.94 0.1539
Butane 14.66 0.1226
Carbon dioxide 3.640 0.04267
Carbon disulfide 11.77 0.07685




Equations

PV =nRT ' =£(3RT)’V2
Yoar\ aM
AU=g+w
| —— [(3RTV?
H=U+PV s =\ 31
ngfRH
w=- [PdV En=—-—73
U=§nRT
‘. o B AH (11
AxApZE A R \T, T,
E=mc’
X4
=G,-N, - N
E=hv q4 A A ;XA-'-XH AB
- [8127‘)5 - (2RT)‘5
Ump =| —— Upp =| ——
M M

Fundamental Constants

Na = 6.022 X 107 mot”
g=9.807 m s>
Ry=2.179 X 1078
c=2998X 108m s’
"=.1.602 X 107 C
h=6.626 X 10%]s
R=28.314J mol’ K" =0.08206 L atm K" mol
m.=9.109 X 10 kg
mp = 1.673 X 107 kg
k=1381 X102 )K"

Useful Data

Syo=4.1841g" °C"
Sie=2.011g"'°C"’

AH (H;0) = 44.0 kJ mol”
AH', (H:0) = 6.01 kJ mol*

(P + an) (V — nb) = nRT
V—
Ty = 0.732R rr, = 0.225R
Teig = 0.155R To, = 0.414R
_ NM
VN,
h
A=—
muv

Conversion Factors

1 atm = 101.325 kPa {(exact)
1 atm = 1.01325 bar (exact)
1 kg =2.2046226 lbs

Py (1) =136 g em™3

Pu.o(l) =1.00 g cm™®
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Name (in ink)
Student Number (in ink)

Fail 2014 SC/CHEM 1000 A - Quiz #2
Qctober 23, 2014

Calculators are permitted.

Answer all questions on this paper; additional paper for rough work is not
permitted. You may carry out your work in pencil if you wish, but please
write your final answer in ink.

Assume all gases to be ideal unless otherwise noted

Time Allowed: 50 minutes Total Marks = 30

1. (6 pts) For each of the electronic configurations below for neutral atoms, please
indicate whether the configuration is a ground state, excited state, or forbidden state.

a. 1572572p%35'34° EXCITED

b. 1s°25%2p" GRouND

c. 15%25'2p° EXCITED

d. 15%25°2p%35%34'13p FoRRIDPEN
e. 15°25%2p°3s' eEXc\TeED

f. {Ar]55° ExCI1TED



2. (5 pts) To the right is a photo of methanopyrus kandleri, a
microscopic bacterium that converts carbon dioxide and hydrogen to
methane by the following overall reaction

4 Ha(g) + CO2(g) > CHa(g) +2 H0()
Using the tables of standard enthalpies of formation provided in this

test, calculate the enthalpy of this overall reaction under standard
conditions.

AW, = - 252.9 k)




3. (5 pts) Identify the following atomic orbitals (assume all of them have n = 3).

Z

@ 3dz”° ® 3dx z
(C)g‘oy D) 2 g
B 3dx?-y*



4. Consider the following energy levels of a hypothetical atom,

Ey=-1.0X10"J

E3=-5.0X10""J

E;=-10.0X10"""J

E;=-15.0X10""7 ]

(a) (3 pts) What is the wavelength of the photon needed to excite an electron from E; to
E4?
AT 142nm

(b) (1 pt) Is the photon in your answer to part (a) in the infrared, visible, or ultraviolet
region of the electromagnetic spectrum?

A,



5. (6 pts) Write out the electronic configurations in spdf notation for the following
species. You can express the core electrons in the standard noble gas notation.

@re? [ Ar13d°©

wNi [ Ard 3dfuys?

©prd [ K] Ud®Ss™

@cer [A-] 3dtels?

@sv ( Kr 4d'e 75525_1‘92

o [ XelygWsd®



6. (4 pts) What is the de Broglie wavelength (in meters) of a 12.4 g hummingbird flying
at 194 km h''?

9.92 % 103" m

A

H



D-2  Themodynamic Properties of Substancos at 298,15 K A19

Inorganic Substances

AHE kimol™'  AGH, kdmel™'  S°, Jmol~ K

Cadmium
Cd(s) 1} 0 3176
Cdt'ag) =75.90 7761 ~732
CdCly{s -3915 -H3F 1153
CdO{s) -258.2 284 548
Calehm
Cais) [ 0 4142
Ca®*(aq) -512.8 -553.6 -53.1
CaCO4ls) 1207 ~-1129 929
CaClyfs} ~795.8 -748.1 104.6
Calyfs) ~1220. -1167 HUHT
Catlyls) -186.2 =472 42
Ca(NO3}sls) -435.4 ~743.1 1933
CalOfs) 635.1 —604.0 »¥.75
Ca(Ol)y(s} -986.1 ~R98 5 H3.3Y
Cay(PO );ls) =412t -3885 2360
CaSOy(s) =143 -1322 106.7
Carbon (See also the table of arganic subtances.)
Cg) 716.7 6713 158.0
Ci{diamond) 190 290 238
Clgraphite} 0 o 574
- (F, -1029 ~600.59 e
CCly(ly -1354 -85.21 216.4
CaNa(g) 309.0 2974 2419
COfg} -1105 ~1372 197.7
COs(g) -393.5 ~3944 2137
€O, (aq) -677.1 =527 8 =549
CiOulg) -91.72 -1098 2765
: Cy0s() -17.3 ~1050 181.1
COClx{g) -218.8 =204.6 2835
E COS(p ~H21 ~-169.3 116
CSaly B9.70 65.27 1513
Chlarine
 Clig) 1217 1057 1652
' Cl7(aq) -167.2 -1312 565
L Clalg) 0 0 2231
L CIFRy, =163.2 =123.0 216
€10y 1ms 1205 2568
ClyO) 80.3 979 2662
Chromium
Cris} 0 0 nw
[Cr(13,001 (aq) 1999 - -
CQO;(;) =140, - 058 B12
Cry*(ag) -881.2 7278 50.21
Cry0:% (o)) — 1440 =1301 2619
Cobatt
Cols) ] 0 30.04
ColXs) =-2379 =-2142 5297
Co{OH){plnk solid) -539.7 -3543 9
Copper
Cul e:) 0 1] 3315

(a : ;
CuCD_:I') Cu(O1)s) — 1051 —-89356 1862




A24 Appendix D Data Tables

Organic Substancas

Name AR, Sbmol™!  AGL kI mol™! 5, Imel™'k
CH (g} Methane{g} -74.81 =50.72 186.3
CyH:lg) Acetylene(g) 67 W92 009
Caliy(g) Ethylene{g) 5226 68.15 2106
C;Hilg) Ethane(g) -84.68 ~2242 29.6
CiHalg) Propane{g) -1038 233 2703
CiHalg) Butane(g) ~125.6 =171 32
CiHelr) Benzenelg) 826 1298 %93
Caball) Benzene(l) 49.0 1245 1734
CaHpl Cyelohexane(g) =1234 320 24984
CgHpall) Cyclohssana(l) =1554 26.9 2044
CipHalg) phthalens(g) 150.6 42 3332
CyoH s} Naphthalens(s) 775 .7 1675
CHO(p) TFormaldchyde(g} ~108.6 =1025 2188
CH;CHO(g)} Acetaldchyde(g) =1662 ~1289 2503
CHyCHO() Acetaldehydedl) -1923 =1231 160.2
CH,OH(g)} Methanol(g) - 20.7 =162.0 2398
CHyOH{l) Methanbl(l) 387 =166.3 126.8
CHCHOH(g) Ethancl(g) =235.1 1685 2827
CHsCHOH() Fthanal(i) =7 =1748 160.7
Cel 150 I(s} Phenol(s) =165.1 =504 1.0
(CH; L C0He) Accton(g) -2166 =1530 2950
{CHy);CO) Acctone{l} =176 -1556 2005
CH;COOH(z) Acetle add(g) -4323 =3740 85
CHCOOH(l} Acvtic acid(l) =445 -389.9 155.8
CH1COOiI{aq) Acetic acid(eq) =4858 =3065 1787
CHLOOH (s} Benzole acid(s) -3852 =2453 167.6
CH;3NH;(g) Methylamine(g) ~2297 16 234
CyHsNH:(g) Aniline(g) 86.86 1668 3193
CalIsNHa() Aniline(l) .6 1492 1913




A20 AppendinD Datoa Tablos

Inorgani¢ Substancas
AHP, kmol™  AGH kimol™' S° Jmol 'K !
Copper
CuQfs) ~-1573 -1297 126
Cu{OH);{s) -$495 - i
CuS0,+ 5 H 00 ~2280, ~1680). 300.4
Fluorine
Fig) T8 6191 1586
Flagq) -a24 2768 ~138
R} (] a 2028
Halium
Helg) 0 0 126.2 |
Hytrogen |
1
Hig) 2180 2032 n47 I
H*(ag) 0 0 0 '
Halg) 0 g 1307 '
Hilr{z) ~36.40 -5345 198.7 '
HCl(g) 9231 -95.30 1869 '
HClaq) -1672 -1312 565 t
HCI0,(aq) 519 55 1883
HCN(g) 1351 1247 201.8 A
HF(g) -1 -2732 1738 :
Hifg) 2648 170 206.6 )
HNOJI) =174 ~80.71 1556 ;
HNOy(aq) ~207.4 -3 1464 )
H;O(g) -2418 -2286 1884
H;00} —2858 2371 #4 H
H. ) 1363 -105.6 257 =
H30ul) -18748 ~1204 USh !
H3S{g) ~20.63 ~3356 2058 t
H;S0,{)} ~814.0 —690.0 1569 }
H;50,(aq) -909.3 ~7445 20.1 P
lodina }
Ig) 1068 7025 1808 r
ey ~55.19 5157 1113 r
Liig) 6243 1933 2807 r
Iyfs) v 0 16.) y
Tir{y) 1084 169 258K E
1C1(g) I7.78 546 347.6 r
IcHYy =23.89 - 1258 135.1 :
fron g b
Fels) () 0 7.3 ¥ i
Fe'"{aq) -B91 =7890 =1377 f N
Fe**{aq) -485 -47 -3154 1 ;
FeCOsls) ~700.6 -666.7 929 2
FeClyls) -3995 -AU -M23 : i
FeO{s) =2720 - : 3
Fe;Qyn) ~B242 -7422 R7.401 .
FeyOuls) -1118 -1015 1464 ; i
Fe{OHh(s) ~E239 ~4965 1067 1 .
faad 5
Pbis) o 0 ey By
Pb{uq) ~17 2143 105 Ay
Phis) =785 ~173h 1740 H



Equations
PV =nRT

AU=q+w

H=U+PV s =\ T

Fundamental Constants

Na = 6.022 X 10* mol™
g=9.807ms?
Ry=2.179X 10"
c=2998X108ms"
e=-1.602X10"%C
h=6.626X10*1s

R=8.314 Jmol' K’ =0.08206 L atm K" mol’

m, =9.109 X 10°' kg
mp=1.673 X 107" kg
k=1381X 102 K"

Useful Data

Sy =4.184)g" oC"

Sice =2.01J g oC?!

AH} (H;0) = 44.0 kJ mol
AH', (H,0) = 6.01 ki mol’!

2
(P +%) (V —nb) = nRT

4T'8cc = I@ IFCC = T\/E
Tap =0732R  Tr,= 0.225R

Twig = 0.155R 715, = 0.414R

NM
(I ey

VN,

h
A=—
mv

Conversion Factors

1 atm = 101.325 kPa (exact)
1 atm = 1.01325 bar (exact)
1 kg =2.2046226 lbs

Py (D) =136 g em™

Pro(l) =100 gom™
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Name (in ink)
Student Number {in ink)

Fall 2014 SC/CHEM 1000 A - Quiz #3
November 20, 2014

Calculators are permitted.

Answer all questions on this paper, additional paper for rough work is not
permitted. You may carry out your work in pencil if you wish, but please
write your final answer in ink.

Assume all gases to be ideal unless otherwise noted

Time Allowed: 50 minutes Total Marks = 30

1. (5 pts) Peroxynitric acid, HNO,, is a powerful oxidizing agent formed from the
products of air breathing engines, as in automobiles, and is believed to be involved in the
production of ozone in the lower atmosphere — a major air pollutant. Draw the most
plausible Lewis structure for HNO;, making sure to indicate all lone pairs and formal
charges on each atom. If there are any resonance structures, you must draw them too.

— Ol
<

©
o

@Z



2. (1 pt each) BRIEFLY explain each of the following.

(a) Formaldehyde, H,C=0, is a common, stable gas, yet the silicon analogue, H,Si=0,
does not exist and cannot be made. Why?

St Cannot form cloule bonds .

{b) An N-F bond is much more polar than an N-H bond, yet ammonia, NH3, has a much
greater dipole moment than nitrogen trifluoride, NF;. Why?

I- Dipole -I D'PC"e-
No--4 | Veckor Vec tor

. t
H/l‘%H Add F/I\@F Subtact

(c) Tetrachlorosilane, SiCly, has a dipole moment of zero, even though the Si-Cl bond is
highly polar. Why?

Td deomehy  F Al dipole vectors Concelied

(d) VSEPR theory incorrectly predicts the structure of methyl radical, CH;. Why is this
not surprising?

VSEPR S IQGS'EL{ On elecbon PAIR r‘ePLtl.SI'Oﬁ{
CHg has  an  unpaired @7

(e) Hypervalence is common in elements having principle quantum number >2, but never
found in first-row atoms such as carbon, nitrogen and oxygen. Why not?

Frst - row adoms de not  have
Accessilole ol - or bitels

(f) Hypervalence in elements such as sulfur and phosphorus is usually observed when
three or more highly electronegative elements are attached (such as oxygen or fluorine).
Why are attached electronegative atoms necessary for hypervalence?

To lcwer the d-orbitnd énéegies

info the Loor\c\.nﬁ fé%?of\



3. Methylboronic acid, CH3;B{OH)s, is a reagent used extensively in the pharmaceutical
industry. The Lewis structure for CH;B(OH); is shown below,

i
H t0:
H—cI:—B—b:—H

H

(a) (3 pts) Using VSEPR theory, draw the 3-dimensional shape of the CH;B(OH):
molecule, making sure to clearly express the 3-dimensionality using traditional dotted
and wedged lines.

. _o-H
B
\O—H

(b) (1/2 pt each) Referring to your drawing, please indicate (to within +5 degrees) the
following bond angles

S ic)

H-O-B | 09q°

H-C-H l Oq o

(c) (172 pt each) Referring to the Lewis diagram for CH;B(OH),, please indicate the
atomic orbital hybridization for

2

B S‘P
0 SPS

-

C SP



4. (a) (4 pts) Using the table of bond energies included in this quiz, estimate the AH;” for
nitrogen dioxide (NO3) gas, via the following equation,

Y2 Na(g) + Oa(g) > NOa(g)

In estimating the enthalpy you don’t need to include the A(PV) term, as it makes only a
negligible contribution. The Lewis structures for each species (with any resonance
structures omitted) are shown below,

:0=0: :N=N: e::cé—ﬁ:'o':
@

AHJ;’(EST): +159 kT ot~

(b) (2 pts) If you did part (a) correctly, the experimental enthalpy of formation for
NO,(g) is WAY different from your estimate (by more than 120 kJ mol™). Without doing

any further calculations, explain (briefly) why the estimate based on bond energies is so
inaccurate.

Because NO, has & resonance Structure

e . . - e =g
IO —N =01« 10 '-:g—Q_lO The sgtabitizafion due
@® :

to  Rescnance (8 hot Considered in Hwe eshmate
{c) (1 pt) Based on your explanation in part (b), indicate whether you expect the
estimated AH? to be greater than, or less than, the experimental AH.

I'd e)(PeC,l' AHFO (EST) > AHfO(EXP)
Land i+ Vs, A HF°(EXP)= +33 KI mot ™" ]



5. Formaldehyde has the Lewis structure

gl
H—C—H

() (5 pts) Please draw the valence-bond diagram for formaldehyde below, making sure
to labe] all hybrid orbitals and any unhybridized atomic orbitals. Use the conventional
half-arrow symbols for electrons, and show which electrons are shared to form the bonds.
You must also label each bond as ¢ or 7.

sz' af

O: (1] 1)
N o (i

¢ a4 1.

(b) (1 pt) Referring to your Lewis structure, what is the bond order between carbon and
oxygen?

Z



Equatigns
PV =nRT
AU=q+w

H=U+PV

w=- [PdV

= EnR]!"
2

AxAp 2 i
4r

E = mc?

E=hv

- (SRTJ%
Um =| —

aM

9,=G,-N, _Z

L7

Uppgg = IY;

N (snr)%
M

P aH, (1
In| 22 |=22v |
7) R \T

A

1

L

B XatXs

- [2RT)}5
Ump = | =——

Fundamental Constants

Ny = 6.022 X 102 mol”

g=9.807m s>

Ry=2.179 X 1078}

c=2998X10*ms’

e =-1.602X 10" C

h=6.626 X107)s

R=8.314 J mol” K =0.08206 L atm K" mol’'
m.=9.109 X 10°' kg

mp=1.673 X 107 kg

k=1381 X102 JK

Useful Data

Sy =41841g'°C’
Sice=2.011g"' °C’
AH? (H;0) = 44.0 kJ mol

)

(p+5'~32:) (v —nb) = nRT
v

Tey = 0.732R

rt?’l'g = 0.155R

_NM
P=VUN,

lece = ?‘Jg

rr, = 0.225R

ro, = 0.414R

Conversion Factors

1 atm = 101.325 kPa (exact)
I atm = 1.01325 bar (exact)
I kg =2.2046226 Ibs

Pigl) =136 g em™3

AH, (H20) = 6.01 k) mol”

Puo() =1.00 g em™



TABLE 10.3 Some Average Bond Energies®

Bond Bond Bond
Energy, Energy Energy
kJd/mol Bond kJ/mol Bond kJ/mol
436 c—-C 347 N-—N 163
414 C=C a1l N=N 418
389 C==C 837 N=zN 446
164 C—N 303 N-=O m
368 C=N 615 N=0 590
565 C=N 591 0—0 142
431 C--0 360 Q=0 498
364 C=0 736" F—F 159
297 Cc-C1 339 C1-C1 243
Br—-Br 193

1—1 151
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YORK UNIVERSITY Fall 2014 SC/CHEM 1000 3.0B

Quiz #1
Student number (in ink) Student name (in ink)
Question# 1(8) 2 (3) 3(3) 4 (5) 5() 6 (6)
Mark
Total:

Non-programmable calculators are permitted
Additional paper for rough work is not permitted
Answer all questions in the space provided, additional pages will not be marked

All final answers must be written in ink

Important: The last page of this quiz is a reference page that may be removed




I. [8] The electrolysis of water (H,0) produces hydrogen (H;) and oxygen (O»). In a laboratory
experiment, 0.84 g of water is electrolyzed and 3.2 L of gas are collected over water at a
pressure of 735 Torr and 25.0 °C. What is the vapor pressure (in Torr) of water at 25.0 °C?

chu-e/= 3238 Toree

2. [3] The pressure of 2 moles of CO, in a 3 L container at a temperature of 30 °C is 14.72 atm.
Calculate the compressibility factor and explain why CO is not behaving as an ideal gas
under these conditions.

ZT: O-ggg(

Z < , ’n+efm0|eculaf forces dominate

d@\/'ahon (prOm Z;l)



3. [3] What are the units of the van der Waals “a” and “b” factors?

_ adm-L® b=

i mol % 2l

4. [5] When a gas container is attached to a mercury manometer, the difference in the height of
the columns becomes 15.0 cm with the column attached to the gas container having the
lower level. What is the pressure of the gas if the barometric pressure is 735.6 mmHg and
the temperature of the gas is 25.0 °C?

Pga_q - gg(o mMHj

What will the pressure of the gas be if the temperature of the gas is lowered to 13.0 °C?
What will the difference in the mercury level height be in the manometer? Will the column
attached to the gas container have a lower or higher level? Assume that the volume of the
container of gas is much larger than the volume of the tube used for the manometer.

PZ - gSOmm\iﬁ

AP: WY mm  or N em

| the column  will have a4 lowe, [epef

———

bar

PgCIS >



5. [3] A sample of gas weighing 32.4 g occupies 36.8 L at 100 °C and exerts a pressure of 821.35
Torr. What is the molecular weight of the gas?

M = 2‘-‘.018/?110\

What will the pressure be if 20.5 g of another gas with molecular weight of 28 g/mol is
added to the same container?

P = .7 atm



6.

[6] Calculate the most probable speeds for carbon monoxide molecules (CO) at 700 K and
1300 K.

@¥0K 5 Umpe = LUS o
S

= 973
@ 1300k > Umps g 8_5"1

Sketch the Maxwell-Boltzmann speed distribution for CO at 700 K and 1300 K (make sure
to label axes). Mark the positions of the root mean square speed, the most probable speed,
and the average speed. Show how you would determine the fractional number of CO

molecules that have a speed that is 2 and 3 times greater than the most probable speed and
label on the graph.

Joo K

N

E?\

3

Q)

©

&

bys 893 1290 Jégs speed , m/s

F00 K 1300
{ Um =64S M | = 83 mis
2 Un - 1290 mi¢ "| = 356 wis



Reference Page Quiz 1

R=8.314472 J K mol'=0.0820574 L atm K" mol*
k=1.38066 x 102 J K'!

2=9.80665 m s~

1.0 atm=1.013 x 10° Pa= 760 Torr (mm Hg)

Na= 6.02214199 x 10* molecules mol”
0°C=273.15K

1=3.14159

density of water = 0.99707 g/mL (at 25°C)

density of mercury = 13.5340 g/mL (at 25°C)

| mL=1 c¢m’
ZW = l ﬂ uav
2RT 4V
M N
ZA‘ = “/Eﬂdzuav =
) 8RT 4
av = . 1 N
™M Z,= —E ) 2uav (7)2
Y = 3RT
rms _M 1= __I_K
2md* N
2
(P+ ‘;/iz)(v —nb) = nRT
Atomic Weights (g/mol)
H 1.00794 He 4.00260 N 14.0067

0 15.9994 C 12.0107 Ar 39.948



YORK UNIVERSITY Fall 2014 SC/CHEM 1000 3.0B

Quiz #2

Student number (in ink) Student name (in ink)

Question# 1(9) 2(8) 3(2) 4 (6) 5(2) 6 (3)
Mark

Total:

Non-programmable calculators are permitted

Additional paper for rough work is not permitted

Answer all questions in the space provided, additional pages will not be marked
All final answers must be written in ink

Important: The last page of this quiz is a reference page that may be removed




1. [9] The combustion of methanol is shown by the following unbalanced equation:
2 CH30Hy+ 3052 COygy + 4 H:0¢)
i) Given the following data;
Ci+ Ozg)— COxg+ 393 kJ
Hagy +Y Ozgy— Ha0 + 242 kJ
Ci+ 2Ha gy + ¥ Oz — CH;0Hg, +638 kJ

a, Determine the heat of the methanol combustion reaction

438 kJ

b. Determine the molar heat of combustion of methanol

KJ

o |

X = 239

i) What mass of water could be heated from 20.0 °C to 35.0 °C by burning of 2.57 mol of
methanol? (Cyp0=4.184 kJ/(kg°C)

m= 9.39 8



2.[8] Write out the chemical equation whose AH represents the standard heat of formation of
acetylene (C2H>).

2C v+ H, =C, 4,

Acetylene gas burns in air to produce carbon dioxide and water vapor. The heat of combustion of
acetylene is -1300 kJ/mol. Given the following values of HY :

AHP(CO5)=-393.5 kJ/mol
AHF(H20)=-241.8 kJ/mol

a) What is the standard heat of formation of acetylene?

AHJ;O (C,oH,)= 2312 kI/mo|

b) If this reaction produced liquid water, would the calculated heat of formation be larger or
smaller? Explain.

Ty woud be gmqﬂe,' Hat formmabon Of the 30_5

- F fome € s used
phase water s exothermic, bu ”

to conve-t Pmm H,_O(.Q) -2 HZ_O(Q)
AR CH,0 (D) would be smaller tHhan AHF"( H,0 (3))

3.[2] Determine the radius and energy of an electron in the n=5 orbit.

R:leSPm

E=:= 8.196 - [07%T



4.[6] Magnetite is an oxide of iron (Fe3Oy4). It can be further oxidized by molecular oxygen
(O») to produce hematite {Fe;0;)

2Fes04 5+ %20, = 3Fe:0; s)

The standard heat of formation (AH;") of magnetite at 25°C is -824.2 kJ/mol. The AH for the
oxidation of magnetite to hematite is -852.8 kJ/molnagneme. Calculate AH{® for hematite at 25 °C.
Calculate AU for this oxidation reaction.

AHPO(FQZO3): - 1\I8 kj/mof

AU = —¥52.2 kJ

5.[2] What is the difference in energy between the two levels responsible for the emission line
in the atomic spectrum of magnesium at 285.2 nm?

E- .965 <107

6.[3] Use the Bohr Model of the hydrogen atom to calculate the wavelength of the light
emitted when an electron drops from n=7 to n=3

/('—- . 003 x10 °m

or

|O03 nim



Reference Page Quiz 2

R=8.314472 J K" mol'=0.0820574 L atm K™ mol
1.0 atm=1.013 x 10° Pa= 760 Torr (mm Hg)

Na= 6.02214199 x 10 molecules mol”
0°C=273.15K

1 mL=1 cm’

Ry=2.179 x 10°7%]

h=6.626x 10%] s

¢=2.9979 x 10* m/s

a,= 53 pm

nm=1x 10" m



YORK UNIVERSITY Name:
SC/CHEM 1000 3.0 Student Number;

Quiz # 3 — November 18™ 2014

Non-programmable calculators are permitted. The provided periodic table may be removed.
Please write all final answers in ink.

Time Allowed: 50 minutes Total Marks: 30

QI (/4) | Q2(¢3) [Q3(/4) | Q4(5) |Q5(/6) | Q6(/8) | TOTAL (/30)

1. (4 marks) If the following quantum number combinations can exist, give the atomic
orbitals that satisfy them:

Quantum Number Set Possible? (Yes/No) Atomic Orbital
n=3,¢=1 Ye s 3p
n=1¢=1 No N/n
n=2£(=4 NO N /A
n=4,(=3 YEs 4f

2. (3 marks) Arrange the following isoelectronic species, F', Ne and Na* according to the
following properties from smallest to largest:

a) lonization Energy:

F~ Ne Na©

) ]

b) lonic Radius

Na ™ Ne, F
c) Electron Affinity (from least exothermic to most exothermic)

]—_'I;\Ie , Na”

Page 1 of 5




3) (4 marks) Write the electron configurations of the following and state whether they are
paramagnetic or diamagnetic.

Atom/Ion Electron Configuration P;‘Eﬁ‘;ﬁ;iﬁif r
Fe’" [Ar13ds Paca magnehic
. CArd 3d°
Co o Paramoj ned ¢
CAr)4s'3d®
Cr [:Ar ] 3d® 4! Paramafjnei‘l'a
Zn

CAr:[’—I523d'°

Dia maéneh'c

4) (5 marks) Draw three Lewis structures for the fulminate ion (CNO") ion. Using formal
charges, determine which the LEAST likely structure is. Nitrogen is the central atom.

e
\
y
h

< l|eastk
tt has an

Hi
+ |

Chorge of

v kely
ot om
-3 and

Structure becauvse
with & ©cmal
poss Hue chwses
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5) (6 marks) Draw the most probable Lewis structures for the following molecules and using
VSEPR theory, provide the shape of the molecule and the ideal bond angle.

VSEPR Shape of
Molecule Lewis Structure Molecule Around Ideal Bond Angle
Atom:
C: Trigonal o
COs* G < 2- J 20
. p lanar
[ e \ (- -]
c =0
e
Q
HONO; . N: Tr'{\cjona,l | 20°
¢ Pl anar
LA
OC“)// "
PO; ™
PG 13— P: Te'h"ahedfa‘ IOQ. So

-
7
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6) Given the following molecular structure, answer the following questions:

N CH;
\\\C afc':H
c\_\ﬁ/ 2
CH
b
/"\/CH3

a) (3 marks) Give the hybridization of the atoms in the table listed below

Atom Hybridization
Carbon atom in - C=N
sp
Carbon atom in one of the CH3 groups N 3
P
Carbon atom in the benzene ring P
S P

b) (3 marks) Give the geometry and approximate value of the ideal bond angles for a, b and

- Atom Geometry Ideal Bond Angle
: Te trahedral (0q.5°
b Tr‘:'gonai planar | 2.0°
) | ‘near 20"

¢) (1 mark) How many o bonds exist in the molecule?
28

d) (! mark) How many 7 bonds exist in the molecule?

=)
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Name (in ink):

Student Number (in ink):

Fall 2014 SC/CHEM 1000 C - Quiz #1
September 30, 2014

Calculators are permitted. Answer all questions in the space provided on this paper;
additional paper for rough work is not permitted.

All final answers must be written in ink!

Important Note: The last page of this quiz is a reference page that may be removed if you
wish. You will need information from this sheet to answer some of the questions.

Time Allowed: 50 minutes Total Marks = 30

Marks
4 1. The surface of Mars has an average temperature of -47°C and an atmospheric
pressure of 500.0 Pa. If a 5.00 L sample was collected in a balloon under these
conditions and then returned to a laboratory on Earth at 19°C and 1.00 atm, what
would be the volume of this balloon?

0.0319L o 31.9 mL



Page 2 of 6
Marks
6 2. Inamixture of helium, He, oxygen, O,, and methane, CH,, the partial pressures
of helium and oxygen are 13.6 kPa and 29.2 kPa, respectively, and the total
pressure if 95.4 kPa. The temperature of this mixture is 30°C.

a) What is the partial pressure of methane?

PC.HL*: SZ‘OKPQ

b) Methane undergoes a combustion reaction with oxygen to produce carbon
dioxide and water. The UNBALANCED reaction is:

CH(@) + 20,(g)~  COg) + ZH,0()
Balance the above equation.
c) If mixture described above is ignited and then cooled back to the original

temperature of 30°C, what would be the final pressure inside the container.
Assume the volume of the container does not change.

PTO{'aJ = (0(0. 2. kPa
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Marks
4 3. Acetylene, C,H,, can be produced by the following reaction:

CaCyfs} + 2 H,O(1)) - C,H,(g) + Ca(OH),(aq)
A sample of acetylene produced in this way was collected over water at 23°C. If the

total gas pressure was 738 torr and the volume of gas was 523 mL, how many
grams of acetylene were collected?

m= 0. 52‘13

4 4. At what temperature would helium atoms have the same average speed as
nitrogen molecules, N,, at 20°C? Provide your answer in °C.

TH - -231°C

[
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Marks

4 5.A gaseous hydrocarbon has an empirical formula of CH,. This gas has a density
of 1.65 g L™ at 27°C and 734 torr. What is the molecular formula of this gas?

Cs H

4 6. If it takes 15.1 s for one mole of N,(g) to escape through a small hole in a
container, how long would it take for ane mole of He(g) to escape under the same
conditions?

effusion time for He = 2.%1s



Page 5 of 6

Marks

4 7.Whatis the mean free path for oxygen gas at 1.00 atm and 20.0°C if the collision
diameter for O, is 3.00 X 10" ecm? Express your answer in nm.

49.9 nm



Page 6 of 6
Reference Page for CHEM 1000C Quiz 1

Constants:
R =8.314472 JK*mol = 0.0820574 L. atm K mol” k=1.38066 x 10# JK"
1.00 atm = 1.013 x 10° Pa = 760 Torr (mm Hg) g = 9.80665 m s
N, = 6.02214199x10% mol™’ 1mL=1cm? 0°C =273.15K
density of water = 0.99707 g/mL @ 25°C n =3.141593
density of mercury = 13.5340 g/mL @25°C 1nm=10°m
Equations:
_[RT 8RT y = [RT 2= PV
m M 8y T[M ms M nRT
1N N
Zw =Evuav ZA="/§TEd2uavv

NY? 1V
d?u NS
f" ( ] 2nd? N
Atomic Weights (g/mol):

H 1.00794 He 4.00260 C 12.0107 N 14.0067
0 15.9894 Na 22.9898 S 32.065 Ar 39.948

Vapour Pressure (P) of Water at Various Temperatures:

T(°C) |P (mmHJg) T(°C) |P (mmHg) T(°C) |P (mmHg) T(°C) |P (mmHg_)
13.0 11.23 19.0 16.48 25.0 23.76 31.0 33.70
14.0 11.99 20.0 17.54 26.0 25.21 320 35.66
15.0 12.79 210 18.65 27.0 26.74 33.0 37.73
16.0 13.63 220 19.83 28.0 28.35 34.0 39.90
17.0 14.53 23.0 21.07 29.0 30.04 35.0 42.18
18.0 15.48 24.0 22.38 30.0 31.82 36.0 44.56




Name:

Student Number:

Fall 2014 SC/CHEM 1000 C - Quiz #2
Cctober 21, 2014

Calculators are permitied. Answer all questions in the space provided on this paper,;
additional paper for rough work is not permitted.

All final answers must be written in inkl

lmportant Note: The last page of this quiz is a reference page that may be removed if you
wish. You will need information from this sheet to answer some of the questions.

Time Allowed: 50 minutes Total Marks = 30

Marks
4 1.1f 359 g of hot tea at 83.9°C is placed in a 235 g cup at 21.2°C, what will be the
temperature of the cup and the tea when they reach a uniform temperature? The
specific heat of the tea is 4.00 J g'°C™ while that of the cup is 0.749 J g'°C".
Assume that no heat is lost to anything else it is only exchanged between the cup
and the tea.
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Marks
4 2. Determine the standard enthalpy of formation of CCl,(g) at 298K.

CH,(g) + 4 Cl,(g) - CCl(g) + 4 HCI(g), AH’=-397.3kJ

ARcer)= -102.9«J

2 3. Starting with the First Law of Thermodynamics, develop the expression that the
change in internal energy is equal to the heat that is transferred under conditions
of constant volume.

Al = qV

1 4. Write an equation that defines enthalpy, H, in terms of other state functions.

H=LL+PV
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Marks
4 5. Given the following data:
4 B(s) + 3 O,(g) ~ 2 B,O4(s) AH = -2546 kJ
B, Hg(g) + 3 O4(g) - B,04(s) + 3 H,O(g) AH=-2035kJ
2 Hy(g) + O,(g} - 2 H0Oi) AH =-572 kJ
H,O(l) - H,0(g) AH = +44 kJ

Calculate the AH for the following reaction:

2 B(s) + 3 H,(g) - B,Hg(g)

A H=36kJ
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Marks
2 6. An electron is excited from the ground state to the n = 3 state in a hydrogen
atom. Answer each of the following as either true or false; circle your answer.

a) It takes more energy to remove the electron from n = 3 than from the ground

state.
TRUE

b} The electron is farther from the nucleus, on average, in the n = 3 state than in

the ground state.
FALSE

c) The wavelength of light emitted if the electron drops fromn=3ton=2is
shorter than the wavelength of light emitted if the electron falls from n = 3 to

n=1.

d) The wavelength of light emitted if the electron returns to the ground state from
n = 3 is the same as the wavelength of light absorbed for the electron to go

fromn=1ton=3.
FALSE

3 7. For each of the following, indicate whether the set of quantum numbers
provided is allowed. Circle YES for allowed or NO for not allowed.

ayn=3,1=3, m=0,m, =Y YES

byn=4,1=3,m=2m,=-% YES NO

c)n=4,l=1,m=1,m,=+% @ NO

djn=2,l1=1, m=-1,m,=-1 YES (NO }

eyn=5,i=-4, m=2, m,=+% YES

fyn=3,1=1,m=2,m,=-% YES lNO;
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4 8. An excited hydrogen atom emits light with a wavelength of 397.2 nm to reach
the energy level for which n = 2 . In which principal quantum [evel did the
electron begin?

’n::}

3 9. Provide the ground state electronic configuration for each of the following
using the spdf notation. An abbreviation for the noble gas core may be used if
you wish.

Species | electron configuration
P E Ne [3s2%3 p>
Sn [ k] 552‘-(d'°‘5pz
e | CAr] 23d3 '

3 10. a) Arrange the following atoms in order of increasing size (largest sizes to the

ight): Rb, Al,
right): Rb, Al, Na Al Nq R‘o

b) Arrange the following species in order of increasing ionization energy (largest
ionization energy to the right): Ar, Cs, Ge

Ls Ge Ar

c} Arrange the following atoms in order of increasing electron affinity (largest
electron affinity to the right): F, N, O

N O F
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Constanits:
0°C =273.15K 1mL=1cm? 1 nm =10"m
R =8.314472 JK'mol* = 0.0820574 L atm K mol™! N, = 6.02214199x10% mol”

1.00 atm = 1.013 x 10° Pa = 760 torr (mm Hg)

R,=2.179 X 10"
h = 6.62606876 x 10 J s

Properties of Water:
specific heat of H,0(l) = 4.184 J g °C"*
AH(H,O(1)) = -285.8 kd mol” @ 298K

heat of fusion for water = 6.01 kJ mol”

heat of vaporization of water = 44.0 kJ mol”

k=1.38066 x 102 J K"
a, =53 pm
c=2.99792458 x 10° m ™

specific heat of H,0O(s) = 2.11 J g™ °C"
AH®{H,0(g)) = -241.8 kJ mol"* @ 298K
density of water = 1.00 g mL"

Some Standard Enthalpies of Formation at 298K:

Substance | AH,° (kJ/mol}| Substance | AH,® (kJ/mol)
C(graphite) 0| H,O(9) -241.8
CH.(g) -74.81 || H,O() -285.8
CO.(g) -393.5 || HCI(g) -92.31
Cl,(g) of o9) 0
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Name:

Student Number:

Fall 2014 SC/CHEM 1000 C - Quiz #3
November 18, 2014

Calculators are permitted.
Answer all questions on this paper; additional paper for rough work is not permitted.

Time Allowed: 50 minutes Total Marks = 30

Marks
4 1. Consider the molecule below;

CH,
/
H,C—CH
A A
——C—=CH
V4
How many o-bonds are there between carbon atoms in this molecule? b

How many t-bonds are there between carbon atoms in this molecule? 3
According to the Valence Bond Theory, bonds form from the overlap of orbitals. For
example, a bond can form from an sp*-sp® overlap.

Name the two orbitals that overlap to form the bond labelled by arrow 1. _S 9, s - SP

Name the two orbitals that overlap to form the bond labelled by arrow 2. SFQB S Pz'



Marks
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8 2. Draw the most feasible Lewis structures for each of the following in the space

provided below. Determine the ideal bond angles and shape for each structure
and indicate the formal charge on each atom. Note: ALL lone pair electrons
must be shown on the Lewis structures.

CNF (N is the central atom)

o © ¢
.C =N —F¢

ideal bond angles [#£0°
shape line ar
IF,* {l is the central atom)

ideal bond angles q0° and 120°
shape seesgaw
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3 3. Foreach of the following, specify whether they are polar and if hydrogen bonding
is possible. A simple “yes” or “no” answer is sufficient.

Molecule | Polar? Hydrogen Bonding?
CH, NoO No

HBr Yes No

NH; Yes Ves

2 4. Which answer below represents all of the true statements?

(1) The vapour pressure of a liquid depends on intermolecular forces.

() The vapour pressure of a liquid depends on temperature.

(1) The vapour pressure of a liquid depends on container volume.

(IV) The vapour pressure of a liquid depends on the amount of liquid in equilibrium
with the vapour.

A) Both (lll) and (IV) are true.
B) Both (1) and (ll) are true.
, (MM} an are frue.

D) Only (1) is true.
E) All of (1), (11}, (1) and (IV) are true.

2 5. Which one of the following substances has the highest boiling point and why?

ccl, CF, CH,

s
the h.‘ilher the mola- mass

' a~  compounds
[f\ Slr\f‘ul P { the Mora,

or  te !’\;ﬂhej‘ Hhe numbe— @F electrons ,

P {G\rilﬂ,blﬂ. the MO[QCLLf&'. cnd %m@;re’ e S’i'mnc‘:le,.
o

e LO-‘\dOn’ or dispersion, G—’fCes.
hiﬂhest— mola~ mass ,

'n tHhis E[s’DU-P'c andl ’H’LQA’EFD/Q| will have

CBQ* has  the
eleckrons N this,

e hiahegt— [oo{lmﬁ point,
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5 6. Consider the following phase diagram.

300

®lC

c B

S

g

-

a

o

o 30

6

e

105 -15 0 50 200
Temp (Celsius) Tc

a) What is the melting point of this substance at a pressure of 30 atmospheres?

0°C

b) Place “TP” at the triple point of this substance.
c) What is a phase change from Phase A to Phase B called?

Conden saton

d) What is the line separating Phase C from Phase A known as?

Sublimahon Curve

e) What is the line separating Phase A from Phase B known as?

Vapa.r Pressure Curve
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6 7. Consider the following data for water:

normal melting point = 0.00°C
normal boiling point = 100.00°C
heat of fusion = 6.01 kJ/mol

heat of vapourization = 44.0 kJ/mol

The atmospheric pressure on the surface of Mars is 70.0 torr. At what temperature
would water boil there? Express your answer in °C.

T?_ - Ll(Op?)oC
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Constants:

R =8.314472 JK'mol™ = 0.0820574 L atm K mol™ k = 1.38066 x 102 J K"
1.00 atm = 1.013 x 10° Pa = 760 torr (mm Hg) 0°C =273.15K

N, = 6.02214199x10% mol"* R,=2179 X 10" J
h=6.62606876 x 10 Js c=2.99792458 x 10° m s

1m=102cm=10"pm

Electronegativities (Pauling Scale)
B20 Br28 C25 CI3.0 H21 125 N30 035 F4.0

m[&) _ _E(i_ _1_). ln[P_:) _ E[i_ i)
P/ RI\T, T,)) \B/ RI\T, T,

Equations:

Periodic Table:

] 1 2
H H |He
1.00794 100794 | 4807602

3 ] s [ 7 [ O [T

Li |Be B|C|N]|O F | Ne
4941 9.011152 1001} 120107 | 14006741 159994 |18 5984003 201797
n 12 (1] 14 |5 L 17 "
Na (Mg Al S|P 1S 1Cl|Ar
22 989770| 24,3050 26981538 220055 [30.973761 | 33 066 354527 | 39943

19 0 b 22. 13 24 3 46 27 33. P 0 3 2 13 h [ s n
K ICa{Sc | Ti| V}|Cr|Mn|Fe|Co|[Ni |Cul|lZn|Ga|Ge|As |Se | Br |[Kr
39.0983 | 40.070 (44955910 47067 | 509415 519960 (54938049 S5.8545 |S8.91)200] 30694 | ¢3.546 6539 89713 T72.61 1452160 | 7396 T9.904 1310
» n » 40 41 47 43 44 a5 48 47 48 L) s H] 52 53 54
Rb (S | Y | Zr | Nb|Mo | Tc |Ru|Rh{Pd |A Cd | In| Sn | Sb | Te I [Xe
$3.4678 | 1762 We0shs | 91224 | 290438 | 93594 (L1 H] 10107 |1o2.90s50] 10643 | 107.8882 | 112411 | ti4tie | LLATIO | t2).760 ] 127.60 |126.904474 120 29
36 Lr) n ] 14 135 7% n 8l 2 £3 11} B [T]

55 m kil 0
Cs |Ba |La | Hf | Ta| W |Re | Os | Ir | Pt Aul-lgg6 TI | Pb | Bi |Po | At |Rn

Vaze0sas) 137327 | pansoss| 17040 | jaogse ] 1sake | 136207 ] 15023 | 192,217 | 193.078 |196.96655] 200 043331 2071  |2009MI8) (209%) 21 ) (222

" 1] i 104 JLH (L 107 {08 1% 110 HL 12 1i4 L] s
Fr |[Ra [Ac [Rf [Db | S g Bh | Hs | Mt am
(223) | (26) 237) (261} (61) (263) (152) (265} | Q66) (169) {212} m o 219 (293

) 59 a0 51 52 [5] &4 [1] [ &7 &l 49 T T
Ce| Pr [ Nd [ Pm| Sm|Eu (Gd | To | Dy | Ho | Er |Tm | Yb |Lu
140.116 |140.90763) 144.24 {145) 15036 | 150964 | 157.2% |158 92534] 16250 | 164.93022 167.26 | 168 934218 17504 174,967
90 1] 92 b2 ] 94 95 96 97 9% 100 101 102 10)

"9
Th| Pa| U| Np| PulAm|Cm | Bk | Cf | Es |Fm |Md |No | Lr

1320151 [231.0354%] 238.0219 OJP) (244) (243) {247} (247} (251) {252) {257) (254) 259) (262)
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Student ID: Student Name:

FIRST TEST
CHEM 1000
OCTOBER 02, 2014

DURATION: 50 MINUTES

Aid allowed: non-programmable calculators.

Answer all questions in the space provided on the examination paper. Please read each
question carefully and answer only what is asked in each question.

Neat writing is highly appreciated. Read each question carefully before answering.
All answers must be in ink.

This test has 7 pages

Total Marks are 30

Question | Question1 | Question2 | Question3 | Question 4 Total
Grade 8 8 8 6 30

Marks




Q1) A cliemisthas synthesized a greenish=yelow paseous compound of chtorine and oxygen
and find that its density is 7.71 g/L at 36°C and 2.92 bar. Calculate the molar mass of the
compound and determine its molecular formula. f5]

Ci10,

Molar Mass Ceol:b:}'ga/mol

b) A 60.0 L tank of chlorine gas at 27 °C and 125 atm springs a leak. When the leak was
discovered, the pressure was reduced to 50 atm. How many moles of chlorine gas escaped?

(3]

AN = 122,74 mol



Q2) Butene-gas readily burns-with oxygen-according to-the-following unbatanced equation
CaHg(g) + Ox(g) — COAg) + H0(g)

What volume of butene at 188°C and 2.50 atm can be burned with 12.0 L of O, at 745 torr and
25.0°C? (4]

Ve

Y

b) A certain hydrate has the formula MgS04.xH;0. A quantity of 54.2 g of the compound is
heated in an oven to drive off the water. If the steam generated exerts a pressure of 24.8 atm in
82.00 L container at 120°C. Calculate x. 4]

X = .97

&

!

m3 SOL1 e —‘.I’HZO



Q3) In alcohol fermentation, yeast converts glucose to ethanol and carbon dioxide according to
the following unbalanced equation:

CeH1206(s) = GCHsOH() + COx(g)

If 5.97 g of glucose are reacted and 1.44 L of CO; gas are collected at 293K and 0.984 atm.
What is the percent yield of the reaction? [4]

% \/‘eld = gg.:fy,

b) Hydrogen gas is produced when zinc reacts with sulfuric acid:
Zn(s) + HaSO4(aq) — ZnoSO4(s) + Ha(g)
If 159 mL of wet H; is collected over water at 24°C and a barometric pressure of 738 torr. How

many grams of Zn have been consumed? [4]
P (H;0) at 24°C = 22.38 torr '

82” = 0.4029 2



~@4)Iran atmosphericresearchiaboratory-an-experiment-was-conducted to-investigate
interactions of liquid pollution particles with other atmospheric gases. In one such experiment
a spherical liquid particle with a diameter of 300 nm was investigated. Calculate the rate of
collisions (number/sec) of NO2 (g) with the surface of a particle if the mole fraction (mixing
ratio) of NO(g) in the chamber at 1 atm is X=1x 10" (i.e. 1 part per trillion). The chamber
temperature was kept at 25°C [6]

For your convenience I have broken the solution into the following steps.

NV 2 . UL2 x 10" mol

n 3
Ue= 370.4 m
S
Rae= (5. 4S =107 Collsions )y |OF Collisions
sec sec



R=8.314472 JK 'mol™ = 0.0820574 L atm X' mol!

linch=254cm lem’=1mL  1nm=1x10"m

k= 138066 x 102 JK! 12inch=1ft 11b=45359g 1.6km=1mile

1 standard atm = 1.013 x 10° Pa (N/m?) = 760 torr (mmHg) = 14.70 Ib/in® = 1.01325 bar

Avogadro’s number (N) = 6.02214199 x 10* molecules mol” 1000 mL = 1L

1dm*=1.00x 10° m’ 1 mole ofa gas atSTP =22.717L
0°C =273.15K ERare(c) s el where Rate (A) & B are rate of effusion of A & B
Rate(B) M,

respectively

[P + a(n/v)?}(V-nb) = nRT Area of a sphere = 4nr”

’ZRT kaT ’ERT ’Sk’l‘ ’3RT ,31{’1‘
um = |— ) 'I.l“ = |J— =,— um = |— = —
M m M am M m

Rate of effusion=Z ;A =—=—.u.A
4V

i
-hlll'—'
i
<=z

ZA = ﬁnd’u“ l\\]{;

|=|=

il

1 NY
Z =T1rd’u“(—J
AA 2 v l z A



Ik

WebElements: the periodic table on the world-wide web
www.webelements.com

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
e e
H He
1.00T9 A 4.0028
thium baryllum bofon casbon nitrogan oxygen fluorine neon
u- 4 5 [ 7 B 9 10
Li | Be B| C[N|O! F |Ne
an4t 9.0122 al 10.81% 12.011 14.007 15,999 18.9%3 20.180
sodum | magnesium aluminium siicon | phesphorus sulfur chioring argon
1 12 13 14 15 16 17 18
Na|Mg Al | Si|P | S |Cl|Ar
22.990 24,305 24.582 28.088 304974 32.085 35.453 39048
potastiom |  calcium scandiom ttanfum dh won cobalt nickel copper Tinc gallum | garmanium | arsenic seignium bromine hrypton
19 20 21 22 23 24 25 27 28 29 ,un S M 32 k] 34 35 26
K | Ca S¢|Ti| V| |Cr|Mn| Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br| Kr
T | o | (o] T ) S | e L esw | eorm | o7am L Moz taes | 7asm | owso
a7 as 39 40 A1 42 43 44 45 48 48 43 50 51 52 53 54
Rbi Sr Y | Zr | Nb|Mo| Tc | Ru|Rh | Pd Ag|Cd|In {Sn|(Sb|Te| | | Xe
B5.468 87.62 82.908 9t.224 92.808 85.56 i) . 101.07 102.51 106.42 107.87 11241 114 82 10.11 121.76 127.60 126 90 131.29
CT 0 barham i hatnk o rhanis - wridium platinum gold mefcury thaifum 1sad bisrmusth polonium astating radon
55 56 57-70 Ti 72 73 T4 75 76 ke 78 79 a0 a1 a2 uu. 84 as 86
Cs|Ba| * |Lu|Hf |Ta| W | Re|Os| Ir | Pt |Au|Hg| Tl {Pb| Bi | Po| At [Rn
132.94 137.33 174.97 178.49 18095 183,84 186.21 180.21 192.22 185.084 198.87 200.58 204.28 207.2 208.99 J209] 210} 2221 |
E.—_ ag E:bn; n -’-‘l-a = l. [ - - - yr re e Has . re - _ o 1 1 =
a7 B8 89-102 103 104 105 106 107 108 109 110 M1 112 13 3& ._._m 116 117 118
Fr({Ra| ** | Lr | Rf |[Db| Sg|Bh|Hs | Mt | Ds mm c=c_c:n c:n_c_.._u c:: UusiUuo
[223) [226) [262] o0 1 [ees [271] J272] [370] [278] [281] = EI_
[ carhgn n I by gadok terblum dysprosium | holmium erplum hubum yiterbium
57 59 60 61 62 63 64
"lanthancids | La | Ce | Pr [ Nd |Pm|Sm|Eu|Gd| Tb | Dy Ho| Er {Tm| Yb
138.91 14012 140,91 144 34 :.im_ 150 38 151.98 157 .25 158.93 162.50 164.93 157.26 168.93 173.08
aclnlum | thorum | plunt Gslum | berkelum | calfombum | einsteinfum §  fermium detovk.
L] a0 91 92 83 94 a5 96 97 98 a9 100 101 102
~actinoids | Ac| Th|Pa| U [Np{ PulAm|Cm| Bk | Cf mm Fm|Md| No
12273 22,04 231,04 23803 [2a7] {2¢4) [243] [24% 1247 251] BT |258]_ [ [259) |
Symbols and names. the symbols snd names of the elemants, and thelr gs are these by the | t c:.u.,a.vs:ii&ns:a.i__cvﬁ httphwww lupac.org/). Names have yet 10 be propased for the .Bn.i...gs.
ngogg *12 ant oG those used hers are IUPAC'S letmporary systemalic names. In the USA and some ciher ras, the speling: Ium sre nomal while in the UK and stsewhers the common speiing is sulphur.

Group labels: the numaric system {1-10} used hone is twe cument IWPAC convention.

Atomic wuights (mean relative masses): Apart from tha heaviest slemants, these am the IUPAC 2007 vaiues gnd piven to 5 sigrificant figures. Elaments for which tho alomic weighl is given within square brackels hava na stable nuckides 2nd are rapreasenteq
35.!!:!«-6:0.8-545833& at the time of writing.

2007 Dre Mark J Winter and Unh of Shaffeld, webel fshetlield.ac.uxl. Al nahts d. For o this lable sen bel { fPrintable Periodic Table ion dete: 21 S 007
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Answer all questions in the space provided on the examination paper. Please read each
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All answers must be in ink.

This test has 7 pages

Total Marks are 30
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Ql.a) At a petrochemical research facility a scientist was working to determine the heat
released in combustion reactions for various potential fuels. One of the sample bottle contained
2-propanol. The scientist found that the heat of combustion of 2-propanol at 298.15K,
determined in a bomb calorimeter, is -33.41 kJ/g. For the combustion of one mole of
2-propanol, determine AU and AH. Unbalanced equation is given below: [4]

CHOW  +30:e) —3C0p + 4H00)

—

k3

AU - — 2008 Tl
ke J

- - O _—

A H 2oz

b) A moveable piston in a cylinder holding 5.0L Na(g) is used to lift a 1.23 kg object to a
height of 4.5 meters. How much work (in J) was done by the gas? [3]

_ Sy, 24 v 5Y.2J
E, =54.24J



Q.2.2) A city of 100,000 people used approximately 1.0 x 10'' kJ of energy per day. Suppose
all of the city's energy comes from the combustion of liquid octane (CsH3g) to form gaseous
water and gaseous carbon dioxide. Use standard enthalpies of formation to calculate AH%,, for
the combustion of octane and determine how many kilograms of octane are necessary to
provide this amount of energy. [4]

AH® CgH (D) = -250.1 kJ/mol

COz(g) = -393.5 kl/mol
H>0(g) = -241.8 kJ/mol

AHC = —-5034.1i Kj/mol

mxn

= CaH
Mass °fF CgHig = 2.3 x10 kf) g Hg

b) To determine whether a shiny gold-colored rock is actually gold, a chemistry student
decided to measure its heat capacity. She first weighs the rock and find it has a mass of 4.7 g.
She then finds that upon absorption of 57.2 J of heat, the temperature of the rock rises from
25°C to 57°C. Find the specific heat capacity of the substance composing the rock and
determine whether the value is consistent with the rock being pure gold. [4]

Since Gold has Spe afic heat capa C'fj
of 0.124 T/S“c ; Hr\erefore' the rock
Cannot be  Of Qold,



Q3.a) Magnesium metal reacts with hydrochloric acid according to the following unbalanced
equation;

Mg(s) + HCl(eq) — MgChieq) + Ha(g)

In an experiment to determine the enthalpy change for this reaction, you combine 0.158 g of
Mg metal with enough HCI to make 100.0 mL of solution in a coffee-cup calorimeter. The HCI
is sufficiently concentrated so that the Mg completely reacts. The temperature of the solution
rises from 25.6°C to 32.8°C as a result of the reaction. Find AH,,,, for the reaction as written.
Assume density of the solution to be 1.00 g/mL and specific heat capacity of the solution to be
4.18 J/g°C. [4]

—/-\Hf)(n = - 4.6 xl0° ol

b) You are planning a lecture demonstration to illustrate an endothermic process. You want to
lower the temperature of 1400 mL water in an insulated container from 25°C to 10°C.
Approximately what mass of NH,Cl(s) should you dissolve in the water to achieve this result?
The heat of solution of NH4Cl is +14.7 kJ/mol NH,CI. (4]

b4.2 x Iozg NH, CH



Q.4.a) Fall colors are produced due to the ceasing of Chlorophyll production in the plant
leaves. The bright yellow, violet and red give a magnificent display of colors. If the wave
length of the violet color is 370nm, calculate frequency and energy of the color. [3]

E: 5.4 «x IO—“:'\J-

]) = &. | «x IOWS'I

b) When atoms absorbs energy electrons move to higher energy states. These excited electron
relax back to the ground state by emitting energy in the form of light, this is detected by
electronic spectroscopy. What electron transition in a hydrogen atom falling in Paschen series
will produce light of wavelength 1090 nm? (4]

r\f:b

_ to n=3
The Aransition 15 g’om n=G



Im=10°nm A=10%cm
1Cal = lkcal =4.184 k] 1cal=4.184J 1.000z=284g

Avogadro’s number (NA) = 6.02214199 x 10* molecules mol”!
0°C =273.15K

Specific heat of water = 4.184 ] g”! °C”!
gold=0.1291 g' °C’!

¢=3.00 x10%ms™! PE=mxgxh KE = 1/2 mv*
h: 6626 x 10 J.s =6.626 x 10°*kgm?/s

mass of e =9.11 x 10! kg g = 9.8 m/s?

c=vh Ry: 2.179x 1078y (Ax)(Amv) > h/dn

-
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Aid allowed: non-programmable calculators.

Answer all questions in the space provided on the examination paper. Please read each question
carefully and answer only what is asked in each question.

Neat writing is highly appreciated. Read each question carefully before answering. You must write
your final answer in

ink (not with pencil).

This test has 6 pages
Total Marks are 30

Question | Question 1 Question 2 | Question 3 Question 4 Total

Grade 9 5 7 9 30

Marks

17 = ikg/m’s?

Avogadro’s number (NA) = 6.02214199 x 10® molecules mol™

c=2998 x 10° ms"  h=6.626 x 10 I.s = 6.26 x 10 kg.m’s"
1.0inch=254cm Hz=cycles/s =5




Q.1.a) Sketch all d-orbital and label them correctly with their coordinates. [2.5]

g%@y be |
x 7F X
x
2
dx*-y dxy dxz
i 2
FR
b) Using periodic table provided, name each element corresponding to each of the following electronic
configurations. [2.5]
Configuration of element Name of element
[Kr]4d™55”5p°
Sb
[Ar]3d’4s”
Mn
[Ne}3s“3p’
Al
[Ar]3d"4s”
Zn
[Xel4f *5d°6s”
Re
¢) Consider the elements Si, F, Cl and Cs
i) Rank these elements in order of increasing first ionization energy. [2]
O 4 St LCULF
ii) Rank these elements in order of increasing atomic radius. [2]

Fg v« g £Cs



Q.2.a) For each of the listed electronic configurations, select the option given below the table that best
describes it. Only one option is to be chosen for each electronic configuration. The options that are

listed below in option table may be used more than once. [3]
Element | Electron Configuration Option
Be 1s°2s* A
H 1s° >
B 1s"2s“2p” D
N 15°25s"2p~3s’
3
F 15s"2s72p*2d'
E
F 15°2s°2p°
d D
Option table:
A B C D E
A ground state An excited state | A cation formed | An anion formed | A forbidden
atom of the listed by the element in | by the element in | configuration
element question question
b) Identify species that have complete, incomplete and expanded octet. 2]
i) PCl3 ii) 5042' iii) AICl; iv) SFs e
cFe L
e 127 :
r . O . . -E\ l / -
e LG “ e A ! \ 1 4 S
oy /P\ l:dc :O—S-GO': G!/ Ql:‘: r{/ ‘ \F-:
: C ' C‘." 3 cw ‘ l : C l e f T
L : O ¢ ’ F )
- C ] . . C i [ ‘
ML, cCl ¢ ancled.
20 EKP&H ded b e EXP
Complete [ncomplefe



Q.3) Consider the molecule below:

CHg
.
HyC c { /
2/ c——cC CH
/
H,C
a) How many o-bonds are there between carbon atoms in this molecule? é) [1]
b) How many n-bonds are there between carbon atoms in this molecule? 3 [1]

According to the Valence Bond Theory, bonds form from the overlap of orbitals. For example, a bond can
form from an sp’-sp’ overlap.

c¢) Name the two orbitals that overlap to form the bond labeled by arrow 1. [1]
Sp*- sp
d) Name the two orbitals that overlap to form the bond labeled by arrow 2. [1]

sp* - sp*
d) Consider the 2 molecules: oxygen (O-) and hydrogen peroxide (HOOH). Describe your expectations for

the relative bond strengths and bond lengths of the oxygen-oxygen bond in these two molecules. Explain
your reasoning. [3]

o

0=0

’ H-0O - O- H

DCleLC gOr\C‘ Sin8|€ Bond
L_o,.ﬂgf— O’O bOnd

Shorter 0-0O bond Wealcer 0-0 bOﬂd

Shronae,— o-0 bond



Q.4.a) Circle the species that best satisfies the condition from the possibilities on the right.  [2]

Condition . Possibilities?
Greatest electronegativity Se (S)_Sb Rb P Si
Most polar bond CO0 (CF) C<C C-N

b) Give an example of a molecule with a polar covalent bond SOL n H?-O . etc [1]

¢} Give an example of a molecule with a non-polar bond N2 I Oz 1 H - T4 e

e) Butanamide is a useful amide with chemical formula CH3CH,CH,CONH3. Sketch the structure of the
molecule and indicate the various bond angles? Also indicate hybridization scheme for the central
carbon atoms. [5]

C. Y l\l/————l-i
H " $H noo L
C, h C, C’B ng"
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