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Section A
1B, 2C, 3A, 4D, 5E, 6E, 7B, 8E, 9A, 10D, 11C, 12B, 13D, 14C, 15A

Section B

Q16
(@ (1)
Moles of HCI taken = _2.03)?)%.00

1 1 — 2.00x5.00 1000
Molarity of new solution = =552 x 2

2.00x5.00 1000

thus pH = -log,, (W X 7505 )
=1.70
(i)
Moles of NaOH taken = 23%3.00
Molarity of new solution = $-330x300 5 1000
thus pOH = —log,, (239030  1%00)
=231
and pH =14 -2.31
=11.69

(b) (i) HCl(g+A (a9 =— HA (aq) + CI (aq)
(i) NaOH (s) + HA (aq) ~—= Na" (ag) + A™ (aq) + H,0O ()

(©
SREE
<[4
loglo{Ka(F:—A])} = loglo[H+]

_1og10{Ka(%)} = —loglo[H+]
pK, - loglo{%} =pH
pK, + loglo{%} =pH

(d)

pK, = pH - loglo{[l{_A}
=7.00 - log,, 33% = 7.00 - log,,1 = 7.00 - 0
=7.00

(e) (1)



n_, added =2.00 x 2%

H* 1000

=0.01 mol

N
pH =pK, + loglo{%}

0..500-0.01 )
0.500+0.01

=7+ logm(
=7 +10g,,(0.9608)
-7-0.0174
=6.98
(i)
n_. added =0.500 x X%

OH
=0.0025 mol
N

pH =pK, + 10&0{%}
=7+ loglo(l -0101)
= 7+0.0043
= 7.00

" @
N
pH =pK, + 10g10{%}

o
= —log, K, + logm{%}

A

thus 5.30 = —log,,(1.75x107") + loglo{H—A]}
=4.750 + loglo{ }

ie 0.543= 1ogw{{;%}

Al

now [ ]:3492
ie ratio is [A |=3.49[HA]

(ii)
1

Al+[

thus [HA] + 3. 492[ A%
so 4. 492[HA]
]
|-

ie [HA

1

1

0.223 M
A" [=07TTM

| |

and

(2) The strong acid/base will react with the weak base/acid to generate the other component of the
buffer solution. Hence the final system will contain the weak acid and its conjugate base.

(h) (i) Letvolume of HClbe V L
Then volume of sodium acetate solution =1 — V L.



(i1) moles = molarity x L
.. moles of acetic acid = 2.00 x V mol
(ii1) Moles of base formed = moles of acetate added — moles of acid added

0.500 x (1 -V)—-(2.00x V)
0.500 —2.500V mol

(iv)
pH =pK, + loglo{%}

4.00 = 4.757 + log,, { 0s0=2500v |

2.00V

thus -0.757 = _loglo{o.soo-z.soov}

2.00v
— 0.500-2.500V
0.175 = bs0-s

ie ratiois [A™]=0.175[HA]
(v)  From (iv)
O. 175 = 0.503;)?),500V
ie  0.350V =0.500-2.500V
SO 2.850V =0.500
V=0.175L =175 mL
1-V =0.825L =825 mL
Therefore mix 825 mL of 0.500 M sodium acetate with 175 mL of 2.00 M HCI.
1)
pH =pK, + loglo{%}
Now as the buffering is ideal then pH =pK, +log,(})
=pK, +0
so pH=pK =4.76
(j) (1) After addition of NaOH, from (i)
pH=4.76+1
=5.76

S0 5.76=4.76 +1oglo{%}

e
and 1= loglo{%}

giving 10= [+]



(ii)

(iii)

(iv)

v)

Q17
(a)

(b)

(©

At ideal buffering pH
[HA]=[A"]
~0.500 x 28 x 1
=0.0625 mol
Total moles of acetic acid and acetate are conserved before and after reaction.
ie  moles of acetic acid + moles of acetate =0.0625 x 2
=0.125 mol
From (j)(i) [A‘] = 10[HA]
SO moles of acetic acid = 1‘—1 x0.125=0.0114 mol
and moles of acetate =12 x0.125 = 0.114 mol
moles of acetate generated = 0.114-0.0625
= 0.0515 mol
= moles of NaOH added
Volume of NaOH added =
Volume of NaOH added = ﬁ;ﬁ:y
_ 00515
0.304
=0.152 L
=152 mL
(i1) and (iv) are chiral
mirror mirror
1 1
H ! H H ! H
1 1
* : C* * : C*
S CH; 1 HiCP N\ 7 TNCHy 1 Ha O NG
HO,C ,,/NHZ : H2N\ COoH Ph ,,/NHZ : H2N\\ Ph
1 1
(i1) @iv)
mirror mirror
v) H : H (vi) PhH,C I CH,Ph
| I N
S-* 1 S * P* | J
e ~S(CH; ! HCP ™\ e ‘CH I H3C‘ N
Ph /CH CH3H3CH2C\ Ph Ph /CH CH3| H3CHZC Ph
mirror mirror
(vii) : (vii) :
1 1
P | * | s
" "7¥CH3 HCR BN 27 (CH; HaCP X
P o CH3:H3CH2C\ Ph 0 ph 1 PN O
1



(ix)

(x)

Me/ Ph 1 PR Me Ph/ We
mirror mirror
Ph, Me ' Mg ,Ph Ph, Me ' Mg ,Ph
& e
N N /
I :
1 1
Pt o
Ay \A*\ A | \A. *
< 1 < - 1 =
/ z . 3 / Zz & \
ME Ph o PR Me PAY  Me ' ME  Ph
¥ mirror
(xii) HO [COoH 1 HOC  oH HO COoH Ho CO-H
1
\ar 1w, Y/ \ L \ [
o . CE o o
HO”"' . / : \ J“\\\OH H Q”"' . / H”"' . /
C | C. C C
r 4 \ ; / vy r \ Ho?” \
C*. 1 C* C*. C*.,
/ "”’COzH 1 HO2C\“\“‘/\ /\"”/H /\'III/H
1
HO N ! H HO HO  'Co,H HO  Co.H
1



018 Neo, produced = 22 % e = 0.0713 mol

ny o, produced = —(Méﬁzgg)‘i —=0.0713 mol

For combustion of any hydrocarbon
C,H, +(x+3)0, = xCO, + $H,0

now Neo, =Ny o, =0.0713 mol
then from equation

the simplest solution is when x is 1 then

so the emperical formula for the hydrocarbon

and mass is = (12 01 + 2 x1 008))

=14.026

Now if S & T have one Br atom their molar mass = 79.90 x &%~

=137.0 g mol™
Thus  the molar mass of the hydrocarbon would be less the 1 HBr =137.0 - (1.008 +79.90)

=56.1 gmol™'
Which should be the molar mass of P,Q and R and is 4 times the empirical formula which gives a

molecular formula of C,H;. This molecular formula leads to the following structures as
answers to the questions

H3G H3C
HsC——CH |4>:—CH \:—CH
\

CHp \\CH2 HSC/ \CHS
(a) (b)

(©
d

Ha
(e) The more stable carbo-cation will have the positive charge on the central atom as this

configuration has two alkyl groups attached to it and it is to this charge that the negative
chloride ion will be attached thus giving the major product

Cl
| e
|
/CH\ HSC/C\C/C
HsC 3 Ho

minor
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(@ (@)
(i)
(iii)

(b) )

(ii)

(iii)

(© @)
(i)
(iii)

minor Cl
Ho H Ho o
H30/0\&/(:\0'_'2 HSC/C\F_')/ \CH3
2 2
A B
pent-1-ene 2-chloropentane
CHo
/E __OH H ”
H
A 3 NN 3
He? G H3C/C\C/C H C/C\CH
2 H 3 3
P Q R
B
' CHs
|/Br
CH Ha
PN /C C
HsC C
8 Fo HSC/ \CH3
S T

NaCl(s) — Na'(g) + CI ()
Breaking bonds, requires input of energy so endothermic and AH is positive.

Changing from a very ordered crystal solid to free gas phase ions, so disorder increases and AS
is positive.

Increasing z*/r decreases hydration enthalpy makes it more exothermic. This is expected
because if the ion has higher charge density it will interact more strongly with more solvent
molecules, an exothermic process.

As z*/r increases left to right r decreases within a group. Although monovalent cations are
unclear trend, in tri and divalent it is easily seen that smaller ions have more exothermic
solvation. This makes sense for the reasons of charge density above. In entropy the same
reasoning shows that smaller ions have more negative entropy ( more order). Small highly
dense ions will interact most strongly with the solvent and so restrict it most, whereas large
ions will hold them loosely.

This must be because the magnitude of entropy of solvating the ions (-ve) + the magnitude of
entropy of solvent shell formation (-ve) is less than the disorder created by breaking
intermolecular interactions. It makes sense that this occurs for low charge densities where
the ions restrict the solvent particles much more weakly.

Breaking bonds takes enthalpy: positive contribution to AH
Breaking bond network frees solvent molecules: positive contribution to AS

Because enthalpy change favours precipitation and entropy change favours solution relative to
DMSO, we cannot predict without knowing magnitudes in the specific case.



(d)
AH

b}%*. (@ + Cl (®

AH Athdration
lattice
___________________ Y. Nal@g + CI” g
_NaClo_J.. | Alsolution
AHsolutiom = AHLati(:e energy AHHydration = 7874 - 7836 = +38 kJ m0171
(e)
MgSO4:
(1) AG° =20000-(298x90) = -6820 J mol™'

< 0 so soluble
(1)) Heating will make second term more negative so increase solubility.
BaSO4:
(1) AG® = 19000+(298x105) = 50290 J mol™
> 0 so insoluble
(i) Heating will make AG more positive and so slightly less will dissolve, but difference is small.

) Polar in polar:

Enthalpy of breaking up is large and positive, for both, but interaction enthalpy is large and
negative. Entropy is large and positive for first step, generally negative for second but not
as big. Overall expect dissolution.

Apolar in apolar:

Enthalpy change will be small for both steps as there is little interaction. DS will be positive
because breaking up the components is positive and there is little restriction on mixing, so
entropic considerations make this happen.

Polar and apolar (either way):

Breaking up the polar substance will have a large positive enthalpy, and interaction will give
little electrostatic bonding and so only a small negative enthalpic component. The entropy
change is probably small because the solvent will experience some restriction. Enthalpy
will mean INSOLUBLE.



