Year 12 Chemistry MLC Semester One Exam 2015

Section 1: Multiple Choice (50 marks = 25% of paper)

This section contains 25 questions. Answer all questions on the separate Multiple-Choice Answer
Sheet provided. For each question shade the box to indicate your answer. Use only a blue or
black pen to shade the boxes. If you make a mistake, place a cross through that square, do not
erase or use correction fluid, and shade your new answer. Marks will not be deducted for incorrect
answers. No marks will be given if more than one answer is completed for any question. Each
question in this part is worth 2 marks.

Suggested working time for this section is 50 minutes.
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1. Raising the temperature of the system: S Lovoors  end oo srn e direetion
P W f L. £ € = ) ~ .
NZ(Q) + 3 HZ(Q) = 92 NHS(g) + 45kJ L eSS o l’{'f_z_ﬂLlr,"r\ "(cﬂ\.ﬁ:ﬁ..i,"*:,-r‘j
A increases the rate of ammonia formation and has no effect on the yield of "-—‘j”"i“’} Jf’

) ammonia in the equilibrium mixture
increases the rate of ammonia formation and decreases the yield of
ammonia in the equilibrium mixture

C increases the rate of ammonia formation and increases the yield of
ammonia in the equilibrium mixture
D decreases the rate of ammonia formation and decreases the yield of

ammonia in the equilibrium mixture

2. Which of the following species has an equal number of protons and neutrons and also
contains six less neutrons that a *°K atom? ._ -, {C?F ond LA

2 ;
Al . . _
% 28g; K Pgquire.  Spesicd c:—\fl’g /’\
o
D

P 10 -6 = le-n  an ﬂ ¢r(‘£c> {f”‘"ﬁ e Si
328
3. Boron nitride, BN, is inscluble in water, has very poor electrical conductivity in any state

and melts at 2973°C. The most likely structure of solid boron nitride is:
)

- y "
A ionic. — condodtia cohen l1qui

B organic. — BAJ docsnt hove C .lf
C covalent molecular. .—> (e&eo pM,(+uu:-3 f
( D) covalent network.

4, The chemical potential energy of the products in the reaction:

Nz(g) + Oz(g) = 2NO(g) /7"F

is greater than the chemical potential energy of the reactants. If the temperature of the
above system, at equilibrium, were increased the mass of NO would:

-f:ft,cj (P%/'.\an, .r_ HCe 4:;;.’{‘ VN

y F g
@ increase and the K value would increase k& ﬂ(i;m,ﬂm‘ cegEtun Ha wUrr:J
B increase and the K value would decrease A : 7
: [ "r rl\ - ﬂ\'a)) l
C decrease and the K value would increase b o L
D

decrease and the K value would decrease | & o3 L //{\
crozd i — —
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Which of the following describes the molecular shape and polarity respectively of an H,S

? ey .
molecule? . o P L perts
oo

9('-

A linear and non-polar 5
B linear and polar / AN
C bent and non-polar H H

®

bent and polar

Which of the following set of examples of the different classes of solid is correct?

; Polar Non-polar Covalent .
lonic Metallic
molecular molecular network
(@ KI CeHsCl v/ l, o~ sic .7 Ba «~
B Na,S . SO, SO; GaAs Si w
C H.S0y4 v H.SO; o CBry Si0; vV
D BaO s CS, X CHs - Si Pb
b HF
Which of the following has the lowest boiling point? @
A HBr
B HI N
(C> Hcl < Hbr
D HE e _ R

Which of the following statements concerning rubidium, Rb, in group 1 is false?

A It has a lower melting point than sodium b

B It forms an ionic hydride  « , , 4l fé‘)
@ Its first ionisation energy is larger than that of potassium >< (/{@“’J iy e RS
D It will dissolve in water to form an alkaline solution "

The table below gives four consecutive ionisation energies (in MJ mol™) of element X.

1 st / 2nd 3rd 4th
1.5 7.7 8.6 9.8 ‘ . ,
/ ‘ —— _"7-_:-7""*'-—-(,_ /(} '—(’l"f- \)(,-u,\,";\ U:l 1 - JL':: 2 t"" :'FL"‘"‘:L{\
It may therefore be deduced that X is: - i -
/)&_) Li ( ot maj L »J =y | velers @
ZE Ca 7."" - éf"_”-’f) !: i (:!V{l‘ i
C Al
D Mg
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10. Which of the following rows identifies the structural diagram and the corresponding
correct IUPAC name of the compound with chemical formula, CgH+s?

Structural Diagram IUPAC Name
CH,CH,
A . ;
‘Lf‘ Y Ceg Hio ethylbenzene
e ;//
~_ CH,CH,
( B :‘ (/1 T ethylcyclohexane v
~ Cg Hie |
— CH, —CH;
¢ cyclopentylpropane
é A lorst: port oF
M [L QU[
— {3y — L
D propyleyclopetene
< || e ‘““ / é J
\ e Jwiﬁ & bordL
11. A chemist wishes to prepare a soluble fertiliser containing ions that are a source of

nitrogen, phosphorus and potassium. Which one of the following mixtures of three salts
will produce a completely soluble fertiliser when added to water?

Na;PO; and Ca(NOs), and KCI —= p{a’(‘ st Tas r"‘m)'

K,CO; and Ba(NOs), and KsPO; —s Pﬂ’f ot Baloa e By (PO e
K;SO, and NHsCl and Na;PO, - ,ML

Ca(NOs), and KNO; and NasPOs —5 ppt o Cas (PO

U‘@m >

12. CCl; and CH, are structurally similar yet CCly is a liquid at room temperature and CH, is
a gas at room temperature. This is because: [ A M_,_Fc{&,i._. LA Ccla hes e

methane molecules can form hydrogen bonds eshile  CHe hos O
tetrachloromethane has stronger dispersion forces

chlorine is more electronegative than hydrogen

tetrachloromethane has stronger dipole-dipole forces

o ol

13. which of the following reactions is the underlined substance acting as a base?
bose acid .:._:ej I‘.(\.e (‘/{?A”‘VL’ T
CHsNHy(aq) + CHCOOH() — CHeNH'(ag) + CHiCOO(@a) acecple H' fronn
B NH4"(aq) + OH'(aq) — NHs(@) + HO() CLz oot
C 2Na(s) + 2H.0() — 2Na'(ag) + 20H + Hy(g)
D CrO/(ag) + 20H(aq) — 2CrOs(aq) + Hz0()

5
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14, Ethanoic acid is classified as a weak acid. What does this mean?
A It is only sparingly soluble in water, resulting in a low concentration of molecules N
B Its molecules hydrolyse in water solution to produce hydrodronium ions — e o1 = {l
C Its molecules do not react with any known acid-base indicator < ocids
(@ Its molecules have only a slight tendency to ionise in water solution
) \ rocak acid

15. In aqueous solution, an equilibrium exists between dichromate and chromate ions as
represented in the following equation:

Cry07%(aq) + 20H(aq) = 2CrO,%(aq) + H,O(aq) AH = -97 kJ

If concentrated sulfuric acid is added to an equilibrium system of chromate and

dichromate ions then:  “> pertre(isee  OH™ tons, 5. [oH S \L s equ'librom
@ the equilibrium position shifts to the left. chifbe 1o nffi. <
B the equilibrium position shifts to the right. con :;L:muﬂ O 1ons
C there is no change in the equilibrium position.
D green chromium (lll) sulfate forms.

16. The combustion of butane can be described by the equation

CaHiolg) + 6% Oa(g) > 4COg) + 5H,00)  AH = —2880 kdmol”
In this reaction: o ﬁ‘?*-.f-?“f!*ﬂ""”’-— S Can

A 2880 kJ of energy is absorbed for each mole of butane that reacts. 7 \
B 2880 kJ of energy is released for each mole of oxygen that reacts. > /& £ males Ov)
C 1440 kJ of energy is absorbed for each mole of water that is produced. %

(:/E)) 720 kJ of energy is released for each mole of carbon dioxide that is produced vd
f_%f: z Tre by
L
17. The number of non-bonding valence electron pairs (lone pairs) in dinitrogen pentoxide,

N2Os (OsN-O-NO,), is:

A 10 /\.}".‘. Og (1 & B '(/‘}
B 12 ’ P T « N .
O (}Lx 5_)4 (5;-_ ,%.) \l"__ '_,-—(__)o

C 14 A J I\ Al
D 16 = A e” I (
— Ty ,_,-_'- Jent i @ 2
= 1O f a ;? > :CQ;
18. Measured at constant temperature, the rate of reaction between magnesium and

hydrochloric acid decreases as the reaction proceeds because:

@ the reactant concentrations decrease with time.
B the forward and reverse reaction rates approach zero as equilibrium is reached. x

C the proportion of reactant particles with energies in excess of the activation
energy decreases as the reaction proceeds. X

D absorption of heat by the reaction diminishes the reaction rate.



Year 12 Chemistry MLC Semester One Exam 2015

19. Methanol is made from CO(g) and Hx(g) as follows:

CO(g) + Hg) = CHsOH(g) + 93kJ

Which of the following changes would lead to an increase in the rate of the forward
reaction, once equilibrium had been re-established?

I raising the temperature v

Il reducing the volume of the container v
I adding more CO ¢~

v adding methanol to the container e

Il and lll only

[, I and Il only
[, I and IV only
all of them

20. The following graph represents the partial pressures of SO, and SO; in the reaction
shown below.

Partial Pressure of gases

TR o ethamte = cooliia
SOi@ + NOAg) = SOig) + NOW@  AHE-dzks) =<7 =770

ke ‘Fa wvswA 1 4 }\'_!‘ /\FAJ Side

£,

c‘qw’/féﬂ'u;w stfﬂf’gJ i
e rr;i[ﬂ[” .. MO rﬁmouf..::J
o NO2 a:'c:’ezr‘ of

K ’ %'LMF J?)df-t'@:ﬂ."_{'l

0 10 20 30 40

Time (minutes)

503

At the 20 minute mark, what changes could have been made to the system to produce
the effect shown by the graph?

A

B

The system temperature is increased or NO is added to the system at constant
volume.

The system temperature is increased or NO; is added to the system at constant
volume.

The system temperature is decreased or NO is removed from the system at
constant volume.

The system temperature is decreased or NO; is removed from the system at
constant volume.
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21.

Question 22 refers to the energy profile diagram for the reaction shown below.

27,

23.

L
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Acidified potassium permanganate will cause successive oxidation reactions involving
three of the substances shown below. The correct order for the three substances, from

initial reactant to intermediate

| CH3CH,CH,CH,OH

. , \
&"‘-f‘+{)f! - ! = d (f»ﬁﬁ/v‘-af‘j, < [:..-; j",.-,”

/o

product to final product, is

éﬁﬂrﬁ,ﬁuﬂ.m{‘{ Pars f‘(q

Il CHyCH,CH,C

IV CHaCH,CCHj

OH

Il CHaCH,CH,C
N
A I, Il and IV
B I, 1l and |
@ I, 1 and Il
D I, IV and Il

Hz(g) + 12(g)

)

2HI(g)

];,\Jcﬂ' Z\.LJ"m ~-‘(.'

A
A
4

L |
!

=
<

O

: f’a‘an s} f

/
N2
H {f’cu

tf."d gl :.& ﬂ/’L -

{
{;\“‘T,ﬂn one.

(,‘ ‘f.x.p =rd

Reaction coordinate

For the reaction Hj(g) +

oow@

Which of the following substances would be expected to have hydrogen bonding

l2(g)
It is an endothermic reaction with AH = (B-A) and E, = (C-A)
It is an exothermic reaction with AH = (C -A) and E; = (C -B)
(A-B) and E, = C
B and E; = (C-A)

It is an endothermic reaction with AH
It is an endothermic reaction with AH

between its own molecules? / /
7{ & i,

l__ . CH,O 1l CHsNH,» Il CH50OH

A I and Il only \; (| @fl
(B [l 'and Il only . H-C -0,
e H-c—-H l 4

C I, II'and Il only L H

D I, 1l and IV only 8]

T

Y

- 2HI(g), which of the following is true?

CHGF

)4

)
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24, Which of the following best explains why sodium chloride is virtually insoluble in
ethanol?

A Sodium and chloride ions are not molecules and cannot form intermolecular forces X
with ethanol, therefore it cannot dissolve. (Cﬁr\ T ~dipole. bonds)

B Although both sodium chloride and ethanol are considered polar, they are not o
sufficiently similar for the "like dissolves like" rule to apply. < A\Jr/i iz [2ALF \

@ Sodium and chloride ions do not form sufficiently strong ion-dipole forces with
ethanol molecules to disrupt the sodium chloride crystal lattice and overcome the
intermolecular forces between ethanol molecules.

D Thedispersion forces’between sodium chloride and ethanol molecules are too
weak to ov come the stronger hydrogen bonds between ethanol molecules. Y~
_.' f\’)’f CJ‘-S}{V(J Tlen, & reed f)(’r T My

25. In a titration procedure, 25.00 mL of a sodium hydroxide solution is diluted to 500.0 mL
using a volumetric flask. 20.00 mL samples of this solution are then transferred by
pipette to conical flasks for titration with standard hydrochloric acid from a burette. Which
of the following items of glassware can be rinsed with distilled water immediately before
use, without making the fitrations inaccurate? /

burette > pipette %~ conical flask ¢~ volumetric flask

(@ the volumetric flask and the conical flask only
B the conical flask only

C the burette and the pipette only

D the pipette and the conical flask only

END OF SECTION 1
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Section 2: Short Answer Questions (70 marks = 35% of paper)

This section has ten (10) questions. Answer ALL questions in Section 2. Write your answers in
the spaces provided.

Spare pages are included at the end of this booklet. They can be used for planning your
responses and/or as additional space if required to continue an answer.
* Planning: If you use the spare pages for planning, indicate this clearly at the top of the
page.
* Continuing an answer: If you need to use the space to continue an answer, indicate in
the original answer space where the answer is continued, i.e. give the page number.
Fill in the number of the question(s) that you are continuing to answer at the top of the

page.

Suggested working time for this section is 60 minutes.

Question 26 (10 marks)

Write equations for any reactions that occur in the following procedures. If no reaction occurs,
write ‘no reaction’.

In each case describe in full what you would observe, including any: colours; odours;
precipitates (give the colour); or gases evolved (give the colour or describe as colourless).

(a) Solid nickel carbonate is added to nitric acid. (3 marks) (i)

Equation __2.«('“(+(/véj;,) + “/V ( COz (. ) - N ') «4‘/%') "l/‘{_lo N”) + O (3)

Observation gm_a_fjicx /,,l ad jo’ _cJ ’fn <o ( =0 T”/t 54 3o /z.f_j_Lf«:_Jlr;,___ to prmduce
31-@Lrg ~ Se fu‘{'!u- cL_yJ f’Vas/\mf < ly _{>< or/wr{ _Yas m

(b) Dilute sulfuric acid is added to barium chloride solution. (3 marks)
- 1) > Basoul] @
Equation Ba , {/ ¢ ) =t Sf}f’f (/mcr ) Wons” i g{f _%_Q_‘*' /{\J =
f Y o
Observation ‘.f'i&)g _ col .:,w i (C 5 X Ya) fm ’(‘ag A e m _J_*p__/h_f,w__._;j ’h:-

._IrD_ﬂ? _rr.ﬂf_{,) [ - JL f‘ i3 F -"i,_s:,-.) 3 !—% czi(’ I (_D

(c) Propan-2-ol is added to acidified sodium dichrom?te solution and heated. (4 marks)
fftc—ﬂufj 23 r_a'ul F)

Equation ( CHs CHOHCHe  —> s O + 94 42 %3
_Cr*'z_,_f_?-'f. o+ & /’{ tLe” — 9677 4 TH20
D

(:;’43(”{ / (d + (’r' ()7 + Q"—{ — %f’HH COCH?z +'2C; fo’!’)

ﬁi,.a%,f,;J,, i %o - f o j Lo JQP‘/L, - z'ir\ﬂ.:rf‘r (Y [m‘l'rf"f\ ) (//‘>

10
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Question 27 (9 marks)

For each species listed in the table below draw the electron dot diagram, representing all
valence shell electron pairs either as : or — Also identify the molecular shape and polarity
{polar or not).

Species Electron Dot Diagram Shape Polarity
COy
, ) \ P :
O=C=0 [l g non palar
N 7/

ooy | - s - L

f — lpejram ,«'{J,;, ! po (C[ ~
|CL |
ONCI )
N S ~. {

/:/ (ﬂ [){’;n—f' er_\{aF’

Question 28 (5 marks)

Identify the most important (i.e. strongest) forces of attraction (bonds) that determine the melting
point of the following solids:

(8)  NHCI  tonie bonds

(b)  SOs ﬂ(’-'ég?;_f:o_feq_ gﬂfwa —

()  CH;OH _ hydogen bonds (D eoch
@ S ,,@yaf A bonds

€ CHI dipale w»J,[w/ {:sr&

11
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Question 29 (4 marks)
Sketch graphs that depict the following trends:
(a) Electronegativity of the period 3 elements (1 mark)
Electronegativity
0
e
,/’./}{;/
Na Mg Al Si P S Cl
(b) Atomic radius of the period 3 elements (1 mark)
Atomic radius
y B S~
VoS o
¥,
S
Na Mg Al Si P S Cl
(c) First ionisation energies of elements carbon to magnesium. (2 marks)
First
ionisation
; Ine
energy f\) o i
/ ( | = -
\_~ P

12

Mg
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Question 30 (10 marks)

Explain each of the following:

(@) SiO; (quartz) melts at 2700°C while CO, has a melting point of =57°C. (2 marks)

_uill’_.@< — fGVC’/“\—{B éf‘f‘_{I'{_‘ mn‘—{_ Af lfr‘ C2A ’F:cr "(‘ 74:;; -
Pﬁ‘( ——

m—bH_ 5 CoPe e o © (-()" :( a (c'nUa /CA_L f"\d}/c ‘ f'l St > _ Sty /S"é’mr,&

._) ! Oz ',S Pl Vi) /tm+ ‘TLch)rf/f 5’&[7 ‘/‘on c g <y (D

j 2 =
L;.'LH!\ 50 {M f"{lSr:«('firﬁf\ 'ﬁ'@r‘&z g '{- ‘iLr_',. Y@ /’é( Nexn Da:"» CJ!"' f‘)

. —
i A{ﬁ' o [ﬁ 5 4}{»}‘( fiee Z/I ’#’n Z L [‘:!"-:’) /c’.sa/‘l é}f’ i"fL j;r" m-ﬂ-iH

(b)  Ethanol, C;HsOH, and propane, C3Hg, have a similar molecular mass however,

propane boils at -42.1°C while ethanol boils at 78.3°C. (2 marks)
P!""ﬂd’f-& !Y\-o{r‘ I, (u.. gre. ponpn /g - o mn {ﬁ-‘\ =D o e SleNCL.
Ji-' Lol AV E ATAY Afp!"”.ﬂ* 'Ar,. Z_zlﬂ’c.vi cf“IL/\caf\m/ i l’ﬂ.n/r {.uf.r;} Sl

i 3 5
/’1 f u/ , D {9_: on :Z/ /pfl’ﬁ.u ) (N f')“' /ﬁ [-sc.m :zl 5 <o r"?(;'?(ﬂcfﬂ.%

*:"7“3 ) o 7 ;
DAL EEN S‘FI MoYaVe X /3 =ir;4so,/11ﬂ ZJ(‘“!’\J/(\( 'rc;r“) S A(QLLD-’-{/) (/{)

i = h | o
ﬁ-’!{:.eff,/mﬁf’& /f.‘i‘; t,az'ﬁ AL .:f}\,'.fc_,r“‘ <’fz‘f“fmf‘H- n/ffr)a?ﬂ:f T ﬂ)f(?»)

(c) Sodium has a higher melting point (98°C) than potassium (63°C). (3 marks)

fgﬁf_/ < aalh'- A /?/\J IL o‘{'ﬂ s S"[;.-»I Yy (=Y o o fj FiaYd ?CJ [ M (q LA )/:“ Leh,
ek d t;_ﬁL !;\ ”Hp—_ sSc fch <’r£ri7'i € a4 P /”7‘7& P el ot /:)

: [
_“”’ 3(“”/1( /"Mﬁ‘!'f!/‘r!w. = Sem 2\"’[) /[e’ {O“(?}(f’rf rj (f(t ,‘ﬁoﬁ A X 3

/

C.«’f\rr (f'fl;’J "fij\a'«ﬁ 7L/i,_a_, - /C i / C;ﬁ /L/ ?~ b 5?) )?,:‘\ Lo i r‘r‘/- g ?‘f( (F"Lr*rs?“ (
A_.P’ "‘; 5 c:.dp Xzf,w "ﬁq:_ Q/ /nc_a /r‘f( wJ e:( %7')!\& drﬂc /r‘* CP

4"'(1 '1% s Nelen)” o IL LA 1) uj @ 1L,,: {_J"?(’/ et A (“f’_/?p{lqﬂ JT p a,i < (j)
———— = -—%
!m N J A ‘71”14, ﬂ < ﬂ‘H‘r oz f’—f lu‘)‘ “ﬂum ’H\ 2. [f: / ﬁr—{%’ R

I"u?. /\Ja t(_”-f“‘p ( Ay p \ oY) (fg‘ /[u:f & L w/rﬂ, '?Lfnf’ﬁ. Che Hq - i) o

(d) Petrol is a better solvent for removing oil stains then water. (3 marks)
Cileedd ok ad bl |
(/ﬁ. a‘f mMealg & Uff 25 ol (1.,5r;i;.’ja /n ~ ﬁ,ﬁ_e:-i’ rf#r‘v?\{:f' SN ﬁ‘.‘f‘/b,@f‘ 3 “p
" b /—' 2’ [} “ ¥ ]
g‘il' g}mv AN ’(:,3 reg s \J:r F s;:’"ﬂ“ﬁ){ hh [’ 'EJ{C_,'L 7 L e (cn FAWARA J;»of?w}" — d—‘f\ﬁ’}g

ol (J.r,.'if;:ff Gia, Ao worth,  afl swmalocodes , fo ’f’/f iy
bodh  Lrmad” woll b cpifer & Bo lode babes jod
ail oill chiccobee iy petado s coster wolecoks are
fold boethr Loy Ay dogen bosds bt con cals £
r.jtj.r.'r;.-u’ca s ~'n‘./2w-.;;>,5f L n'f’/ (-u/ .J’L‘d'{'{a-.fl{ < '/’/ wxw o
(,,,,;,} /‘/lg of ?-V L™ il m fj X .M»/l/’ ? ai‘-ﬁf-'f/;"f [ ‘/F)
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Question 31 (5 marks)
(a) Give the appropriate conjugate partner of each of the following (2 marks)
conjugate base of H,PO, f“f 1‘“/)-}: _ (D
conjugate acid of 0%  OH - , ) @

(b) Calculate the pH value of the solution obtained when 80.0 mL of 0.050 mol L™ nitric acid
is mixed with 20 ml of 0.100 mol L™ sodium hydroxide solution. (3 marks)

olH*) © n (HNO2) = (008 il )(0-08L) = O 00k pel 0
i [{_),-_r* ,') N n {//\\r{fﬂ 'fh)/'ﬂ' ‘ = //‘ 3 (’i’f:J r.’ni-."' /f; ) /(3 S (r)? KL) B Cf) = ) ?‘ e f o

7

VXY 2 ma ’V

kY

N () exass = 0O-002m]| —» LH L=

=000 M

(D

O {aD

S.P M= — lo 4q (007 J < 70 (1)

~—d

Question 32 (5 marks)

(a) Draw and label the geometric isomeric forms of 2-pentene (pent-2-ene). (3 marks)

H = . - G CH3
C = C . =C
s " CH2CHz S
CH3 CHa

=

. 5 &« () ’ f
= ¥
Name: etg - k= P c’-/ﬂL"iﬂ < .f, Name: ‘fi‘,—w,n 5 = 2 — P‘-’_..n..‘f‘f ne.

(b) What chemical test could be used to distinguish between pent-2-ene and pentane?
Appropriate observations are required in your answer. (2 marks)

Add  berie coater ( Brola,] ) e cock cobcbonce (D
Fhsre ¢ e visible. renetion o th o entane . i
I{:n..s‘(“ "H\g (:)rw»ﬁ & Bra (; ) /-;/{’_ - f}o, g es cu;{, 9,;3 (f)

o J rJr .»} ’{; Jay £ aﬂ/ﬂé’ - ? ~Efe

14
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Question 33 (8 marks)
(a) A sample of water from a salt lake contains 345 ppm of magnesium ions. Find the

concentration in moles per litre of the magnesium ions, given the density of the water
from the salt lake is 1.02 g/mL.

(3 marks)
- - g t
g‘é‘;g EIeyla — élﬁf} .'ka;i rfﬁ on>
= 0345« f ‘i; ens g
,,,,,,,,,, e T e SR ) Wi PR DY e
ff)f}f) 3 (;\f "ILf/ 5y _’)
S /C)‘ q') (j}/ [f é[ / ) A:g"i&:m Y __“%@;ﬁ
( !ODO d\ /’ ﬂ? S/M L. ) Sc.[cﬂ"?b (:)
N S i ST f
= O DAZ wel M‘A. oS AOS wol //
o g0l L s

A solution of hydrochloric acid of concentration 1.25 mol/L is needed for cleaning mortar
from bricks. 80.0 mL of concentrated hydrochloric acid (10.0 mol/L) is available. What

volume of water needs to be mixed with this concentrated acid to prepare the diluted
solution needed for ¢cleaning mortar?

G u[ = i \/L i
¢ /lC) Mf// V ) C/__/ﬁs wol /A ) L;_/i_ﬁm/r}______

e M= Q¥6[,fé—’;__é_"+®_m L ‘(L J_ I
s V/ 1eo) pdeled = L4 - 8O = SLOmL /ﬁ

(2 marks)

(c) The amount of arsenic in a pesticide may be determined by precipitation of the arsenic

as its sulfide, As,Ss. If 0.246 g of As,S; is obtained from 1.50 g of pesticide, find the
percentage by mass of As in the pesticide. (3 marks)

S S o E— e
(Z-.K‘ﬂw t ('27 3) “ O__‘éﬂj_ @

I Z - % 0.90464
— (5_,4741)4(&“17)" ==
- ;7 :_{ ol ( )______ -
. (?Jm g( ~ =[CO¢;

= S_._----n X éc}o = (f 7(: ’Iﬁ C>
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Question 34 (10 marks)

Ammonium carbamate (NH,OCONH,) decomposes forming ammonia and carbon dioxide,
according to the following equilibrium:

NH,OCONHy(s) = 2 NHs(g) + CO.(g) AH = - 450 kJ mol™

(a) Write an expression for the equilibrium constant, K. (1 mark)

L - _
(= [wHs] [con] >

(b) Three vessels contain an equilibrium mixture of this system, each of which is subjected
to one of the changes described below. In each case, describe the effect of the change
on each of the following once equilibrium has been re-established: (9 marks)

- the rate of the forward reaction (increase, decrease, no change)
- the mass of CO, (increase, decrease, no change)

- the value of the equilibrium constant, K (increase, decrease, no change)

Forward
Vessel Change . Mass of CO, Value of K
reaction rate
1 Increase in ' o { J
Mt s cCrrase 3 . O
temperature - % . decrase
. ,
Addition of neon gas at / / ‘
2 9 Ne> 4 5'\_(‘--': @ Ne  chena . N (-’i"‘ e
constant volume J J

3 Increase in volume at i !; ;f )
chonce. e qSE o ohang &
constant temperature | "< 4 et SE. No ehang

16



Year 12 Chemistry

Question 35

MLC Semester One Exam

2015

(4 marks)

A white organic solid was analysed and found to have molecular formula C4HsOs. Further tests
were carried out to investigate the substance, as shown in the table below.

Test Observation Possible functional group
- ‘ . = S C,j S
Disselyeasammpla of e Purple solution turns pale “ {ﬂ‘[w i ¢ -
solid in water, add acidified pinkp P oL o
potassium permanganate B uﬂ. l‘.fﬂ\d',ﬂ ? ,./,f -
= ~ A
O
Dissolve a sample of the . ’f/ .
solid in water, add a few Solution turns red = o H
drops of blue litmus Z ( ‘ g _,J
car ‘mlﬂ le Gl

with each observation.

(b)

atoms in your structural formula.

0" H
| (
. — & — C
( r‘
H H
(O
H
O H
g -f
& == L = C
ﬁ' 41’
H Oy

END OF SECTION 2

17

Complete the table by naming or drawing a possible functional group that is consistent

(2 marks)

Sketch a possible structural formula for the white solid in the space below. Show all

(2 marks)

i’

ol ot

Y
o
,D'J?"H’\

< e ,_.J

[

ﬂ}‘g (vr\ o l{‘,@ %]

)

'\\ O = ;_‘ { SO
| Q er'l/;la",?(.:. {I’C (s X8 c
// fJ‘!‘F‘/\ zs[fjc’ﬁt\%,(ujf,ﬂ
~ (—’( c:mgj f" (e >

. sl 2
':'tm_vm?’m fr‘ = (‘ré‘z"’ l‘
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Section 3: Extended Answer (80 marks = 40% of paper)

This section contains eight (8) questions. Answer ALL questions in Section 3. Write your
answers in the spaces provided.

Marks will be allocated for correct equations and clear setting out, even if you cannot complete
the problem. Express your final numerical answers to three (3) significant figures where
appropriate, and provide units where applicable.

Spare pages are included at the end of this booklet. They can be used for planning your
responses and/or as additional space if required to continue an answer.
* Planning: If you use the spare pages for planning, indicate this clearly at the top of the
page.
* Continuing an answer: If you need to use the space to continue an answer, indicate in
the original answer space where the answer is continued, i.e. give the page number.
Fill in the number of the question(s) that you are continuing to answer at the top of the
page.

Suggested working time for this section is 70 minutes.

Question 36 (10 marks)

2.75 g of anhydrous sodium carbonate was dissolved in distilled water, transferred carefully to a
500 mL volumetric flask, and topped up to the mark on the neck of the flask. 20 mL aliquots of
this solution were titrated against a hydrochloric acid solution of unknown concentration, using
methyl orange as the indicator. The results of successive titrations are given in the table below.

Titration number 1 2 3 4

Initial volume (mL) 0.00 20.15 2.25 21.80

Final volume (mL) 20.15 39.75 21.80 41.45

-~ - '//7
Titre volume (mL) 205 (T-6O0 | (785 | 1965 ( D
(a) Calculate the concentration of the sodium carbonate solution. (2 marks)
- S . L — .,
n(NeazCos) = T 6. 5159 el (D

, == . 7 _ L " {_, < . ! - ‘ ' /:.
s L Naz oz _( = 0 0LST mel = 0-05(9 nel [ (O

O SOO (=
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(b) State two desirable features that a primary standard such as sodium carbonate should
have. (2 marks)

P (}V (,1 ,j (Jﬂ[}/r’,:‘\ [‘Jﬁ“fr,f" ) F_C‘/]/V\

Lﬁ‘(—f U lea [C‘E[\ M&/f;f" - press P
A A g R

1 [} |‘T ; . Il
e { __com fma' 14" en /JL",;»#"E gals Z_r/i«‘.a-?it’i’:_.u mm;s@ﬁ)

(c) Calculate the average titre volume using the table above. (2 marks)
ﬁV(f”{fﬂj._ = 1160+ ___/_(r_;(‘g = {n £ = (160 mL @

-7 B /._,.r-«..i-,___/ -

I R Y

le't(.""-‘C fril €

(d) Find the concentration of the hydrochloric acid solution. (4 marks)

Ma:(O2 + QHSA —> . .

- -0

i (Nﬂ 2 (D;;) = LV = (U O_S(—f% -~ /L)(/oa?_cm) = (032%xlo &;-.w’

_CZo'?(yxzo fal (D

>
Pl
v
™\
)\
S
i
><
'}
| T,
t
Q
J
f-\
O
fi

C Tuer 1= 1 207 xloFml
,EHC'@] = = A (2 e (077 el O (0L 4 /z,,
o o { C{éﬁ A Sy -
S ” N If |
- ) ) - N (/E-szr)éwrd'{_c- te
B S — S 2 s 1(’5{1)
Question 37 (10 marks)

The main source of the metal manganese is from the ore pyrolusite, which contains
manganese (V) oxide, MnO.. It is converted into manganese by the following two reactions.

3MnO; — MnsO; + Oy
3MnsOs + BAl — 4ALO; + 9Mn

(a) According to these equations, how many moles of manganese are produced for each
mole of manganese (IV) oxide, MnOs,., that is consumed? (1 mark)

o mole. o
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A 2.00 tonne sample of pyrolusite containing 73.0% MnQ; by mass is converted into
manganese by the above reactions. Note that the percentage yields of the two reactions are
83.0% and 94.0% respectively.

(b) Calculate the maximum mass of Mn that could be extracted. (4 marks)

(c) Determine the volume of oxygen gas given off in the first reaction, measured at 500°C
and a pressure of 105 kPa. (3 marks)

(d) Find the minimum mass of aluminium needed in the second reaction. (2 marks)

20
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A 2.00 tonne sample of pyrolusite containing 73.0% MnO, by mass is converted into

manganese by the above reactions. Note that the percentage yields of the two reactions are
83.0% and 24.0% respectively.

(b) Calculate the maximum mass of Mn that could be exfracted. (4 marks)
'{V\(Mn@ﬂ; g3 x &x;oé o I,Lr(gx@ﬁs_qj
A (MACJL) = N\/M = Vuyxieb o 15793 w6 mels
363y = n (Ma)
m{ Ma)e a ™M ab  100% yeld
s 92260 05

al 33% ound Ay Y ?r(élat

M= Aaap=1x BZx 033 x 0.9y

= 119326 L3
=3

= 1-20 X IpS o o O LG lerres
e

(c) Determine the volume of oxygen gas given off in the first reaction, measured at 500°C
and a pressure of 105 kPa. (3 marks)

n{gz)-= :lg-n(M,\a,): [67198- 19 /5 - 559113 mals

\/(O_ﬂ: n B+ . {Sgﬁr—n‘fax 3'-3u;y’7”13-l5'}

—

I : 03

L]

E 3-‘-1—3xr&§1—— ek 1Go 4,

al 334 yeliel V(o

S e

1 23.43x (e5x Q323

= Q.3 vy oS-

(d) Find the minimum mass of aluminium needed in the second reaction. (2 marks)

n{AL) - 3,? n(MaO . )= 11927 23mele
mAL)

on AL

il

n. M L LPG:Q\’]BEBJ ok oo ¥,

Ir

A G aTR: 3 x 19® oe

e

e Tt 23
= bbb x 108,

e —————— J
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Question 38 (13 marks)

Vinegar is a widely used chemical and is a 4-5% (by mass) solution of ethanoic acid, CH;COOH.
Ethanoic acid is made by the oxidation of ethanol, CH3CH>OH, which itself is prepared from the

hydration of ethene, CH,=CH,, under special conditions. The reaction is reversible and
exothermic.

CH,=CHj(g) + H:0(g) = CHsCH,OH(g) AH = — 45 kJ mol™

Below is a simple sketch that describes of the manufacture of ethanol from ethene and steam.

1 volume of ethene RE%%EBO_NT%EOS E:E; gases cooled
+ y W 300°C » so ethanol
0.6 vol f st liquefi
OHmes of steam Phosphoric acid catalyst ki

unreacted gases recycled
liquid ethanol

The temperature used is 300°C with a pressure of 6000 — 7000 kPa. The pressure is maintained

at this level because at higher pressures the polymerisation of ethene occurs. Although steam is a
very cheap reactant, the ratio of ethene to steamis 1:0.6 because too much steam interferes
with the phosphoric acid catalyst.

(@) Use 'the collision theory of reactioris to explain why using a high pressure allows
equilibrium to be attained more quickly. (3 marks)

'PJT o8 peskaslam ¥ t® & ¢ P s el Spece. . perhel p
) | !

opres 4 ec oemed Conmpress ) ater  Ynaller  veame
Stm ]‘?Cw*\cxc,'\ 29 o \N Coliide YMaoce PY*&‘;U\_L:\ -1 Vl
(FRTH ‘i\JHL\FEr '\:c,rcg ,“_,‘_\,'\C‘—\“‘?OL\“ v~ Nomhe v °+

CoN\ARuay =\ \nCrepae Lo (Chenwe ﬁfi N Lo v, ) tellisien

80\4\ Pormwed Ao e oA e o ey Ll \Acreong

W‘—'E,\Cr-,m YW  eeel Obwar . m Pomncd  roke WA\

lrts ez pAore oo e PR b\ bebh

ok e ) PG \~e RS Coan W o WS W‘E—i‘l\f’ﬂml e ol
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(b)  State the effect the catalyst has on the yield of ethanol at equilibrium. (1 mark)

NOon e

(c) The graph below shows the distribution of molecular energies in the reaction vessel at
300°C. ON THESE AXES, sketch a graph to show how the distribution would change if
the temperature were raised to some new temperature Ts. (1 mark)

% of s
particles

Energy

(d) Use the graph above, and collision theory? to explain how the rate at which equilibrium is
attained will change when the temperature of the mixture is raised. (3 marks)

D\)hfiﬂ T ‘73, Fre Ave reage k ¢ op gev ’Porhc(e) ?
from _Fra  Sheded ourea L /‘Muafqlpt'\. '
Greaker  proporhen of  perbeler il Lave Juceny
cellician erxefﬁ;f _Where KE2 Ko . Tho wl lece Fz
On  JAcrecte 1A Fhe nvmher cpf Vercce ovPud]
(‘olhi‘.w'/\j‘ and Fhe 1=mle 0 be Fh  Fenuverd and
revecse  rxpa’s wilt  (acreace | Jho perhele il abe

/\_QIE, Mere Veloclty  + will colisle wilh geealer foree
) . \j -
Mot oftea  whith alto wil glhve mere tueceortul lunen

/'}3 }’i\a Fevene (nle 11 eptes! wmece Fhean e feave <

-/
7esticed the [uene _rake  Slewwr  and  fprwed ’jL

by an 'ntreare | £@Mg?i\rﬂ~}‘/’\fela/) cona b brom 8
i I

Unh! holbn  betoeme eoviol ot a fnjmf [evel
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The temperature of 300°C used for this reaction is moderate by industrial standards. .
With reference to the concepts of yield and rate, explain why this intermediate
temperature is considered optimal for this reaction. (3 marks)

\f_ie\cﬁ A Yosow Fen~perabce  wnill Peuc— PP

(e)

“"E\Q L o\ v 2 O }"’l\ef"n—"t'\c_. kCCC?FCK\-xq Yoo b B

B O V]7 on e Q\:J\Q\‘eﬁr\ Jeowal \'\ru‘[gk e T4
—T\\\T ww Fra pofYhioeq VYhal  releanas Weeth
=

D@VC—L«(“C’_CQ\ §E dolr\.}\Kx\')r“lu:i
A

RS

e exrolhes pevbhwoy 1
v _J

“\\C\; = Qﬁ_\t‘\‘ii \,"\a\é\ A

Povcu vale o

p@\'ﬁ_ . A‘ \;\J\%\,\ \“G—W\\:\Q\T&‘R_JQ_ W\L\

ov kK€t an o 7\} Heve e Pexe r\\’c\c%,—e cd Pm‘kxt\@§

—_—

Neve ke, E o,
TL\E‘_& e = GO‘“\-E%-\.\_Q\- (L COnA “IQJ\\ ) nE e

O\ c@-"\f\\]@m Vi = \‘Q_ MW\J‘»\P c‘c\ N\r\ﬂ,f‘a <A \I-’\Oa\@- VOL \_Q___

\'W\{\QFCLTUQ Ll wﬁa {'U %\_")k‘:"@_ G . E‘QOACF\CL\G\Q

cafediry v cdaed Ve boow

\);-,—\é\c'r\ Concl

Yo e |
In the final stage, ethanol is removed from the system by condensing the vapours. The
unreacted ethene does not condense, as it has a lower boiling point than ethanol.
Explain what effect the condensation of ethanol has on the yield attained. (2 marks)

(f)

Condeptes  [CeHgau, cw b

Ag e Fvwanrnd
}_h& %y’&f'é_rv'\ th s to

A—CQC)T’C:}\K@!! 'f‘C} L—-C~P_‘
Cov e ok ji ® ct v Hhe i%iﬂ,da/?’

Pcrlf\ ot ¥
o

O s FPavased ond  poubiivm Skt ko
Rus .
ﬂ(l‘ joCeceatvsel fhe Lielad o e fheral
1 Y |
anc! | cenhavetlly Pied ey Fhe ©onte l hnn
.., [
agomu&ra
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Question 39 (2 marks)

An experiment was carried out to determine the amount of calcium carbonate present in a
sample of an antacid tablet. A 1.42 g tablet was crushed and then reacted with an excess of
0.200 molL""hydrochloric acid. When effervescence had ceased an excess of phosphoric acid
solution was added to the solution, resulting in the formation of a precipitate of calcium
phosphate ( Cas(PO4); ). When dried, this precipitate had a mass of 0.9379.

(a) Write an ionic equation for the precipitation reaction. (2 marks)

Caldoms + 2wt (eq) —p (Capy + Mag ,m@t
SCOLQ{% eefy HOGECen) —3 Ccks(_f)ﬂk&)z_

(b)  Calculate the percentage by mass of calcium carbonate in the tablet, ( marks)
"\-(Ca%(.f"ﬁw)aj = ™M = OC*::'I - (3:0030208.. ...
M ot &

n(ca* V= 3 (Caz(Pos),) - 0-00AOLAUIT

n{cacoa) = n(e=a?x) = o000A0624%

M Y - A ML ” OrclOWCﬁbj

YOG U”‘

»

e ;
/6 \:\:\J e aRSs = O o010 = \C

LW N

63 -9 74

(c) Calculate the minimum volume of hydrochloric acid required to completely react with the

calciu/mcarmmﬁie_iﬂ_thﬁ_f'[st stage of the process. (2 marks)
- .

NCr+Y> &a (cacos ) =alwd)
— 2, 0:0oqabry, = 0 03y s

Vies n - 00302y o 0.0%0k2y L
_ 2 :

a2

=2 Ay g L
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Question 40 - (12 marks)

A student conducted an investigation in which she added a certain mass of powdered zinc
metal to an excess of hydrochloric acid in a filled test tube sealed by a rubber stopper. The
hydrogen gas evolved was passed into a gas collection cylinder and the volume produced was

recorded at regular intervals as the reaction proceeded. The results are displayed in the table
below.

:‘r;‘zs(z‘; 0 10 | 20 | 30 | 40 | 50| 60 | 70 | 80 | g0

‘é‘zl(;r)“fm":) 0 | 54 | 83 | 98 | 106 | 110 | 113 | 115 | 116 | 116

(a) Write the ionic equation for this reaction. i (1 mark)
Lo+ 2HH(en) - > Za LT o) A H.L(C‘t\}

(b) Graph the volume of hydrogen gas evolved versus elapsed time on the graph paper
provided below. (4 marks)
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(c) Name two variables that should be controlled to make this a fair trial. (2 marks)
. Tempercihu< 2. maw a° Za
3 . Contenbwha op MHel (as ) .
(2 marks)

(d) Briefly explain why your graph has the shape that it does.

Slepe o Cwtwe  ladicettes bhe tede of Fhe m~p
Aie heat ml—&}\CJpreo»L@LaiN\M\'

nthally  S\ge 15 Steepeae .

Meore c=t\(tew / vel / bime

9 _rtecenks perenk
"RCV\'Q, \lew § ac _5\@&&\_\;» Pfuteec:k? cwa  the reeceah ee th e
brere ere ey eolligicn Cuenhunlly sreph

AN

recckerts 08 weea g (W R)

WY o ne\

P\ q\-@c/ub,\ Aas N D—L
Ao\ Ap e e 6&!& Can he \‘Jf‘(’;ﬁ\_\_z(‘_gdq EE“T\-»L h\uhw:—\j
If the hydrogen gas was collected at a pressure of 102.9 kPa and a temperature of 22°C,

(e)
then determine the mass of zinc that was reacted. (3 marks)
N T A (\m.ctxo;ue>
RoT

( 331y :.1%11:)

" - J-06014 Y mels
n(Zﬁ-) = o~ ()

MC—ZA) b I\.M = Q}\%c, g
J

—
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Question 41 | (8 marks)

Each year, millions of tonnes of iron ore, impure iron (Ill) oxide, are mined. This ore is
converted to iron in the blast furnace. The overall reaction that leads to the production of iron in
the blast furnace is-given by the following equation:

Fe,Os(s) + 3CO(g) — 2Fe() + 3 COyg)

In a blast furnace, 25 tonnes of iron ore (containing 87% Fe,03) and 1.53 x 107 L. of carbon
monoxide are reacted together at a pressure of 110 kPa and a temperature of 750 K.

(a) Determine the limiting reactant. (5 marks)
25000000 x 07T = o [Fe,Oz \ - 15 OOCJCDj v
ﬂC?eL@;\:g\_ ) B: MM " = i-_Bﬁ\cﬁ-zaf;iérmélS“

W Tisaa %
n ( QC}) = ﬂ - (”C’ % 153 x10Y) - 2-6990Lx [é)jma{q
o~ (A3t x = so ) il

N ( Cd) S 3 n ( P’EiQQ-) - Lon™NSTT by mes sl @ = L{--CJBS7X9C

e
(G.: rol- e :"'xc_(_,\;j ~ g he ~c e CC\S‘LC-/L 1 © e - 1,
| Mcaga I;Ln, ‘
£
Ve,
(b) Calculate the mass of iron that could be produced in the reaction. (2 marks)

n(Fe ) = Q‘f;g f\(CO) = ng Q-Eclciobxbg
1"10(5]3‘733 el

m(‘F‘e):n-M = 10 .05 hanes

(c) What volume of carbon dioxide would be produced in the reaction at the given
temperature and pressure? : (1 mark)
. o R |
Qdme. Q3 Vel ( co,) 11 rahe = |-S53x10' |
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Question 42 (9 marks)

The graph below represents the concentration of reactants and products at equilibrium for the
Haber Process reaction:

Na(g) + 3Hu(@ = 2NHs(g) AH = -92 kJmol™

At equilibrium, there is no change in the concentrations of each component. Sketch the
appropriate changes in concentrations of nitrogen and ammonia on the graph when:

(a) at time t; the volume of the vessel is suddenly halved (2 marks)
(b) at time t; equilibrium is restored (2 marks)
(c) at time t3 the temperature is decreased (2 marks)
(d) at time t4 equilibrium is restored (1 mark)
o
©
E
c | [N]
2
s
i
L]
[6)
| o
S
[NH3]

Time (min)
t1 t s t :t
(e) Would the equilibrium constant after time t; be higher, lower or the same value as it had
before time t47? Te mf \é, __lnercones ko (1 mark)
(f) At time 15, a catalyst was added to the syst“ém. State the effect (write “higher”, “lower” or
“same” in the boxes on the right) of this addition of a catalyst on the: (1 mark)
equilibrium concentration of NH3 S AmeE
rate of the forward reaction INCpeaTE
value of the equilibrium constant famMe
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Question 43 (9 marks)

The elements magnesium and iodine, and the compound they form, magnesium iodide, are all
solids at room temperature. However the three substances have very different properties, as
outlined in the table below.

Melting Characteristics of Electrical Conductivity -| Electrical Conductivity

Point (°C) | solid when solid when molten

Mg 650 hard and malleable high high
I 114 soft low : low
Mglz 637 hard and brittle low high

Describe and explain the differences in properties between these three substances with
reference to their bonding and structure. '

m ~ 1S e lealle Wwitn Shera efecHZDS“f'cﬂié
L : _ _J
C\J(TE’VT,»(_ Leon behveen Cahenn Cu el 0‘}& lescaliyest e -

/‘]\@_ c;i-r—e,\j]//g =0 Fro @ Flvec he races f“'lcj

/‘\&'Lf‘of.e l/" T xp-\g,[,lec«:_ i< Cine e lﬁ i Fc_r‘“(_&

s coppubed B Fre meml Fre logyes op

Cahen) cwith Slecle over orne oarno bkers

TR neg lgakie. epulliea | ay e e hisad e —
- v ¢
felel Fhe lab@ce f‘Oq(QHxQF. Mq it crhle (o
= u J

C‘Oh@( L,rc.-(; (¥ e iLha QRelagl S be <8 /“T«(’_ Ole (OCCLh)f

¢~ ackar Cheme Carrers, When Mo lbe

bekbh  Fhe delocalhed e~ &nd (aheay ere”

Ty ( . )
ece @ meve = (',Q,m'\j th:rﬁbg ) M_CJ hay e

/“' g N e [hae ool dee o Fhe ?Eﬁf‘lcr
o _J L :
elecleteainec Aade o otbivac heo befiveen
He delecealied ©€- anal Fe  Caboal kc,rﬂg(g
Amcinh G Cnlmy ore MRoparedd 272 UMK
' -

[}

Fho  [flee op obreche 4 break [he Me fesllc bon
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Year 12 Chemistry

MLC Semester One Exam 2015

Additional Working Space
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