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§ Dicarboxylic acids dissociate in stages.

stage 1 stage 2
HO,C(CH,),CO.H = HO,C(CH,)}CO, + H* === -0,C{CH,) CO,- + 2H"

(a) The pK, values for stage 1 and stage 2 for some dicarboxylic acids are listed below.

pK.(T) pK.(2)
forstage 1 | for stage 2
2.83 5.69
2 4.16 5.61

3 4 31 5.41

n in HO,C{CH,),CO.H

For comparison, the pK, of ethanoic acid, CH,CO,H. is 4.76.
(iy State the mathematical relationship between pK, and the acid dissociation constant K.
............ P K == loe ,o(’<05 [1]
(ii) With reference to the table above, suggest why the pK_ (1) values

« are all smaller than the pK, of ethanoic acid,

T“_LCQ)_H?{QU ..... PoﬁSJcJ'(oﬂfbevxsqulb‘fJM‘Q“ll—"‘J<7
..... ﬂ‘i0-\41091\9w.e,a.Ke/MxQew»é(('o&TSSoc?o&e,

» become larger as n increases.

shbes GO Hzxm@ Jgf.savm/wﬂwz]w&sapj“%e—‘&w’“\d .........

less shona! 13]

(lii) Suggest why all the pK (2) values in the table above are larger than the pK, of ethanoic
acid.

[1]

ﬂlb\kv\eja}\VQcL\M?e'Smfe&mcvn'

(b} The monosodium salts of edible dicarboxylic acids are added to some foodstuffs as buffers.

(i} Explain what is meant by the term buffer solufion.

[ii} Write two equations to show how monosodium butanedioate, HO,CCHCH.COuMa, acts
as a buffer.

H s Hoceleh O, —> (o canchon
O\’\+ ...... HO;_CCUQ,C[J‘)CQ; _________ o A \A»O—‘P-OLCCU&C“L@; 2]

3 (a) Hydrogen cyanide, HCN, is a weak acid in aqueous solution.

HCN(aq) = H*'(ag) + CN-(aq)

(i) Calculate the pH of 0.10moldm= HCN(aq).

PH= - \OJ‘“ FH

e ZHQLAY pu]
] L8] LHA]
)(6.2x]o-'° < o~|:5 4 [H*}

errj'_ 7 27“(>l)o-g

, -S|

(c) When sodium oxide reacts with water an alkaline solution is obtained.

(i) Explain why the solution obtained is alkaline. You should use the Brgnsted-Lowry theory
of acids and bases in your answer.

Neo e Mo s 2Nt oW

T o TS o eph BT eed fin 10 o)

(ii) Calculate the pH of the solution obtained when 3.10 g of sodium oxide are added to 400cm?
of water.

A‘:‘g NO‘ZO; 3\ - o'bgl"\ok
20223 + (€
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-3
- .25 N\o\ 3”"

~ea [HFY ,,
) -\%O [ﬁx\é‘1‘ 13.4

=131 @

Cc')’c OH’: S - 0-\
_— ’—"S
L‘coa(o

V
YT oM
" = T o5
La] - o

n

K, =6.2 x 107" moldm™—

> FL\: - |°3.°Z7 7% xIO’q

2]



%oggex go\\)\"\@!ts'-’ /—\ \"\ \J\c('\ nw&mvxs ™ agw\o coﬂsx' d\% &(—\el\ SN a\OU
. AR o pH e Al ] o AHB&

& cga\l 30\ ‘“0{\5 Coa \>6 «\aQZ N 2 Wa"“&s
) A WK qc\g } \fs g,\\— («HMS @A‘mf\s ‘}LL Al .\6 cc\f\ e Lpg@\
for eq. CHyCOOL + CH, CoON.. CAqﬁ Ci conll ‘jl e bose. CH Cc:c>>
- Ci) CCOH Fo«h &saoc kc’)b - Cy LOONo Cemp ()-g 955053’ 3
A caiifbion Soblickd €U cood : C,cos "+ W
1 Srna\ﬂ m»/\po«\)( o\o&g (S 0\9&63
HY 4 G, Coo —  CU, CooH
. "r' quM mou 0/% oJ\K.,&\ S acQé)eg”
OH™ + (U, ol — Clies + 0

2) A UZO»K Emse + \'S 50‘” (Ws @\}NN: \1& L»scs cov\ «L o\(,>
«CO{ eaé MH 4 NML‘C& CA A N T (o{\ BL«sc N\—\>
Erilibood o ablLl) - NI L D == N Lm;
‘CSm«ﬂ «kcﬂ 0\(,& 'S m&gag
R Nﬂ —_ N\-l T
b ﬂ,&u e Js/é) TN X
O™ + NHZ > r\H-l‘5 e




T eacse,,ma 1 Lloodl:-

ﬂs S &om 19 CmLeﬂ\?c Ao& e uLCO ‘;I’s c_o/fu e B«se, . e HCO, M\b C@Z M& A L,x— LL\ erow\ J‘{,
o Soie! 0 T : (A

—

qu:\;L('.dm : HZC©$ + \—\20 — H\BG_) A \,\ C,O3

oL ‘Joo coh JSD U(:,_e, ‘§\<¢ —\'L«‘s:— HLC’OS : \’\-'- i/ LI C,O;_
C)L o&&'\kd\ ’% Sm—\Qg ’Moov\‘s @é q(T(& ( (0\91’\-(_ 6\&\% (96\«\3 P«o&”‘-ﬁg &N-'\s cxe(C-'\Sc>
HY + HCO, > H o, > (o < U0
L'>M,4’ 5!'6\)9(6 So
Yrssesoder Yo
UQ\ILG\M\ S‘\AP‘S LD \ej(‘\ I,\MS %\CQQ éc'\& S r\o\' (e/MMICJZD
Ov\ 0\9&;\&,& Srf\a&& awl\oo«&— S «W\A\) u |
O™ + U, 00, < Hlo, 4 1,0 b ke s Yoo muche

—

LL©5 TS n)zxs"«Mc au/\& Q(SSOQ\A& o CG), Pu)/@ w& E:fM é—a\o?\\\\kﬂbw\i—- L\LCD; — COL + L\),Q

;‘; CO,_ s '\o" {e/w\cudcg ’\'C\Z»V\ }}f
Al Lo op s moch a:&”(\.‘\\:Lﬂw
A ol b Ef hnl s 0e

(O, s ’m‘eg\l?a <’
w»f\db(a 539@\/“



Cldbng o1 bobfer - edution -
l<a\ - Xl«\ KEA\B —CD,/ L»H’o(b [\’\%—S ;! ZA—} S ac‘.& ?,N\m,\% &tsoc,\o}% \,J\Al\c de\\— CMP\A?JU )Jsoc.\o\}eb

[HA
=> [H*:& - Ka « Z\’HKX =N e\’\ _ \da‘o ZH):&
ZA’]
X [H*} );\Aﬂ omQ/a wff‘% (£ WK O\C,'\& ‘S osag\ DONOT OSE ]joﬂ (SUFFF/QS\,
> ‘LQ e—t\uo& C_o\\ce//& o§‘9‘\$ JBUJ@K )\ w‘\& i\’s SmM 1% N\XEQ ‘H)*U\ —
[LA} A QFM ) g ley B (774 S O Tl (R S S

L Y socebon 4 <) T

»JN(&\ S l\ea 8\0\6



The phosphate buffer system operates in biclogical cells. The buffer contains dinydrogen phosphate,
H,PO,-, which acts as a weak acid.

HPO, + HO = HPOZ> + HO"

{a) Write an expression for the K, of H.PO, .

K,= [H POHQ'] [ Hﬂl
L P | "

(b) (i) Explain what is meant by the term buffer solulion.

2

(i) Write two egualtions to show how a solution containing a mixture of H,PO,- and HPO >
acts as a buffer.

");,poa oM "&Poa . +l)f),o

() The pH in many living cells is 7.40.
H.PO, + HO e HPOF + HO K, =6.31 = 10*mol dm™
{‘:alt:ulat& the value of [HPO,*)/[HPO, ] needed to give a pH of 7.40 in the cells.
- logio [H]
[H*] - 1'7’”‘ . 392 Ao
oo [WOIKT 65\><\’3 l:A } _158S
[HA] st LK) | S

HPOM/HPO = 0 Y

[3

(d) (i) The H,PO,-ion can also act as a base.
Write an aquation to show H,PO,- acting as a base.
{iiy The HPO, jon can also act as an acid.

'n.l".'rtt& an equation o show HF'IEJ > acting as an acid.

(b) (i) Isocyanic acid is a weak acid. ZHq = ZA-_S
HNCO = H* + NCO- K, =1.2 x 10~*moldm=

Calculate the pH of a 0.10 moldm— solution of isocyanic acid.

. [ YA SN - (2 i)
[Hh] ) (>\~\ QHG
Kc\* ["]Al = ):Hf}

X !
m % [H l pH = Qg [2]

(ii) Sodium cyanate, NaNCOQO, is used in the production of isocyanic acid.
Sodium cyanate is prepared commercially by reacting urea, (NH,),CO, with sodium
carbonate. Other products in this reaction are carbon dioxide, ammonia and steam.

Write an equation for the prnductinn of NaNCO by this method.

ALl Sﬂ — 2 NaNCo, 5-..(0s mxlm Xo@
\’a(d\a)m\ d}j bu%b( so\vh?’l

(c) Barium hydroxide, Ba(OH)., is completely ionised in agueous solutions.
During the addition of 30.0cm?® of 0.100moldm= Ba(OH), to 20.0cm*® of 0.100moldm™
isocyanic acid, the pH was measured. BaloH), - HnCo
| v 2
(i) Calculate the [OH] at the end of the addition.

HCNO \/ - LL 20')(\0 = 23(]0

N WM
s u@q- A 13
"\C% CO\ e oh‘]/\ ’5 XOH-]; ,_‘*]o"ﬁ : 0.0%
B (o), WW‘“ZL (3 s Soxls™
[OH] = ..

) JB of (erf\““\"'a = = 003 ... moldm [2]

{ii) Use your value in (i) to calculate [H*] and the pH of the solution at the end of the addition.

Kw = [H:\S [oﬁ.]
TH') [o.03]
ZH 3 1.2S ><|o'\S
q N
‘Oj C‘ 2SX\O> s final [H]=l7’g7“°j> mol dm-

final pH = \2‘1
[2]




(b) (i) Write the expression for K, the ionic product of water. (e) The K, for ethanoic acid is 1.75 » 10-*moldm™ at 208K

n 5 "-& (i) When ethanoic acid is dissolved in water, an equilibrium mixture containing two acid-base
M= ): H {O pairs is formed.

Write an equation for this equilibrium. In the boxes label each species acidic or basic to
show its behaviour in this equilibrium.

. =
ii) The numerical value of K increases with increasing temperature. U o= H t& OH] 4
(i) K, g temp o= L bl ( .o - e e q[s )

Place a tick (v ) in the appropriate column in each row to show the effect of increasing the
temperature of water on the pH and on the ratio [H*]:[OH]. & \
Ac & -

effect of increasing

temperature of water decrease stay the same increase 2]
oH / (ii) A buffer solution was prepared by adding 30.0cm?® of 0.25moldm~ ethanoic acid, an
excess, to 20.0cm’ of 0.15moldm sodium hydroxide.
ratio [H]:[OH] r\/ Calculate the pH of the buffer solution formed at 298 K. Give your answer to one decimal
[2] place. A 3 Nl - —‘k T
n Naoq =z C—’\’\( = o.lg 7\205(,‘0 = g‘)(‘o N\O] ;[Cuscoz —1_ [CHSCOL -Z }
. ] : 3 S o >
(c) An aqueous solution of sodium hydroxide has a pH of 13.25 at 298 K. X 03 Cl‘} o |~\ CX‘Y < 1S % gox (o - 7S x

Calculate the concentration of this sodium hydroxide solution

EA | a»ﬁcd CO,H tumining (15 Yl 1S xle Ty

(. [ 350\4-3 ne [H3LKT |7§ EIRTHIENS)
o go-wﬂ o] TAA] [rs 057
Fod) o TT8 S0l 2.6284]s
concentration = 0\73 moldm= [2] PH 03 E2 6S x‘ g]
Ls8




3

(a) (i) Use mathematical expressions to define the following terms.

o K for a weak acid, HA = (<°\=£\4*3

[2]

(il Write equations to show how a buffer solution consisting of a mixture of HA(aq) and
MaAfaq) controls pH when an acid or an alkali is added.

_____ HA e OH. == A+ 4,0

- [

(b) When chilorine dissolves in water the following reaction occurs.
Cl:g) + H;O(l) — HCIO{ag) + H'(ag) + Cl+{aq)

When solutions of chlorine are used for water purification, the pH of the solution of chlorine is
kept near to pH 7 by the addition of a base.
-Vo\\er.

Chlorine is dissolved in water to produce 1000 cm? of a solufion containing 0.170mol of HCIO
and 0.170 mol of HCL

A buffer solution is then prepared by adding 0.200 mol of NaOH(s) to this solution. The NaOH
reacts initially with the HCL.

Calculate the pH of the buffer solution.

[HCIO is a weak acid with &, = 2.9 « 10~ moldm=] "

. Bld A ot + 4010 > NaClo + 19,0

N NAOH = O-Z‘OO N dezA_
f 3 NQOH (&m»lf\a ﬂm’@( veadh o N:ﬂ\’ HC&: o.loo—o.\7°: o0

To_00>
0\ % HC}O «mé'\-‘ﬁ afbes 160\%% W"n\ o . U’Xl\l‘)\c)(f(::o:_\"(

|<o\: [ H "3 [A—‘& ~ 24 XL;%_—_ Z‘J{g [0‘02'1 WA < o J

11
[HA] TH Y2 13833l

e br, (135 33x07)
Sy 8

[Total: 7]

(b) Bromic(I) acid, HOBr(aqg), is a weak acid. Its K, is 2.0 x 10°moldm.
(i) Calculate the pH of 0.20 moldm= HOBr(aq).
e [H]
[HA]
D,}’*] _ 52,7\];1 ﬂ[o.'),:g
. 2«I5°

,3\" - \03\0 <2><\0‘§S _ho

pH = LL? 2]

(ii) 5.0cm? of 0.20 moldm™ potassium hydroxide, KOH, are added to 20.0 cm? of 0.20 mol dm™3
HOBr(aq).

Calculate the pH of the buffer solution produced.
-3

v KoH - N . 62 xS ylo s x5t mel
n HoBv - <N . o-lo % dovle = j’lvﬂloﬁ5 o)

. - A
L\ Hol« VWV\'\N& 5: G‘ ‘>><|°3—— %X|O PH - - \03\°<Q> x\o—j
744, lﬁ(;B/}sx\o’ TUi]. 3= /s 822
K“‘ - [H :SEA} => Zx\\éc‘—;& 5::—3 . i\’]{_&
[nA)

2
l')\]o /Lg pH=

J:(,r*l _C i

[Total: 9]
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(b) The solubility of Sr(OH), is 3.37 x 10?moldm™ at 0°C.

(i) Write an expression for the solubility product of Sr(OH)..

9(67’02 — S(("P + JOH™
[St:&} [orLg

> «\o‘&""B L
NIE AL 2

(ii) Calculate the value of K at 0°C. Include units in your answer.

[se@H) ] 337457, [s*] [od J= 2 3. 37xls”
g (337405 )(mzmo)

(1S3 xlo

| ]

3
units = ’“°‘§m
[2]

(d) The numerical value of the solubility product, K_, of CaF, is 3.45 x 10-"" at 208K.

(i) Write an expression for the solubility product of CaF,. Include its units.

CaF; — Co\2+ . 2':

o Jeiel [ f@}

(ii) Calculate the solubility of CaF, at 298 K.
[erl-w  [F: 2

2 45 7(\0—“ 'ri,] szt] B \’L\

Bﬂgxo'“ Yy o> LE do5 e

"

0

5

Silver sulfide, Ag.S, is very insoluble in water.

(a) (i) Write an expression for the solubility product K. of Ag,S(s).

Ax,S—AZA*' . 6

), S [
3 (“1

[1]
(ii) The solubility of Ag.S(s) in water at 298K is 1.16 x 10~""moldm™.

Calculate the numerical value of the snlubrlltyr product, K., of Ag,5(s) at 298K.

<sf— [lxl\éx\olq % [|‘é><\°'q
VBT RIS i

Ry
K =élb(><\O 2]

5p

(iii) Calculate the minimum volume of water needed to dissolve 1.00g of Ag.,S(s) under

standard conditions. X
_ "’l.oSZ) 38 X{° "“’\

N A S
Jé y 207+ 3

LGl ><I iy
l'Ioggg?”(\ - R gﬂ(\

34Tl volumes

3 "‘3 xlo

- dm? [2]
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5.3.
MD CQ; ? MU * + COb

;L N«lCab So‘v\:‘m’\' S ROoW oﬂe& He ZCO::& el e 2>
7 e‘(""lzta‘]om dafts b et lond side o Macogis

?((,d e\\-a&e& ool'

at 298K, K /mol*dm®
% COA’/OJN\S )ﬂ‘{ MgCO, 1.0 x 107

2 (a) The table lists values of solubility products, K, of some Group 2 carbonates.

solubility product in water

CaCoO, 5.0 x 10~
SrCo, 1.1 10"

Use the data in the table to describe the trend in the solubility of the Group 2 carbonates down

............................................................................................................................................. [1]
(b) (i) Write an equation to show the equilibrium for the solubility product for MgCO,.
Include state symbaols.
‘*J( PR 1-
)
...................... CO,';(s)Ml(«%\JrCO&(«@ [1]

(ii) With reference to your equation in (i), suggest what is observed when a few cm® of
concentrated Na,CO,(aq) are added to a saturated solution of MgCO,. Explain your
ANsSWer.

M CO ..... Peci ;L’}@w\/ ....... o ,&&\k@(\ .......... N (O, muere>
-3 f » 3
cweﬂjﬂ»\h’ko?j ..... TONEN ooben. T ui\'\\onum SM’H bo

(c) Use the data in the table to calculate the solubility of MgCO, in water at 298K, in gdm.

Kep - ngﬂ [CO;'K &LL:\:LB/J/M); )Fi\lfm

I ¥ \Olg - ’('L - 5 l wlo® ﬁ‘g[’\’s

r- .j ‘7(‘0’< MO(DV"‘B z 0.2 Cé(v

solubility of MgCO, = °)’7 ............. _gdm™ [2]
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If 0.35 g of iodine is shaken with 100 cm?® of water and 100 cm?® of hexane and the
mixture allowed to establish equilibrium, the concentration of iodine in the aqueous layer
is found to be 4.0 x 103 mol dm-3.

Find the number of moles of iodine used initially.

A = oSg < l ?3761 74\0,'S
2 (1269

Find the number of moles of iodine present in the aqueous layer.

) - -
ASES C?"\J < )1-7(\‘057( IOOX\O - HX,O

Find the concentration of iodine in the hexane layer. "
- - -\
= JA T;C.\M) = (370( %\O - L‘K‘O - 0\70\ X’O
- -3
Iz(hc,g,,,\g)} = 0\77 ‘(\O < p\"]q 4 ]0

,oo %\65

Hence find the partition coefficient.
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(d) (i) Explain what is meant by the term partition coefficient, K____ .

R*O?cow)ffa’“ﬁfé&\“l’a "f\mlm '-m'\sc’\)o\e sJ«:«A’S

o}fﬂv\t"dm _______________________________________________________________________________________________
e Ky = Zay. Kbz [ 20}
________________________________________________________________________________________________ D(ba\l (2]

(ii) The partition coefficient of organic compound H between dichloromethane and water is
4.75.

e 250g of compound H was dissolved in water and made up to 100cm? in a volumetric
flask.
» 50cm?® of this aqueous solution were shaken with 10cm? of dichloromethane.

Calculate the mass of compound H that was exiracted into the dichloromethane.

A §o<v‘\?>-) .25 A ok Y W\S e ﬁ@e,/\\’
D—\ (,..M,,«,,W\HS
[Wean b

} ](wb é U@;J.\ﬂomeﬂmx = Kfs«\r\k“"\"

lv"s .Swa v_a wod e:k)f(,\c}eg
H'7§- = %/ID =D DI(%?S ‘O»Oqsw - o-[%

e o TS = o T5%
%o A= o 6;0%0\73
mass of compound H extracted = Oé\ ................. g [2]

[Total: 14]

Succejﬁ‘(e c»a\fw&‘\el\bzf Uswa Sxee> e CﬁXY («9‘01\5 JA\\, \ess
wwm& J& edvenl (:O(HOND w"l\ c;(\'lm& wole Mass.

(i) When 100cm? of an aqueous solution containing 0.50q of an organic compound X
was shaken with 20cm? of hexane, it was found that 0.40g of X was extracted into
the hexane.

Calculate the partition coefficient of X between hexane and water.

X(WP EE X[ hertonre)
qukkaf‘l &(CM‘&M)I . GOHO/zo B 20 (Ao M’\k)

J——

[Few] -lef

(iii) If two 10cm?® portions of hexane were used instead of a single 20em?® portion,
calculate the total amount of X extracted and compare this with the amount
extracted using one 20cm? portion.

KWH‘O‘\ - Z% (k«m\‘l (ehe 5-464_ i\ej’s e-A'uop 6(9 n T4 dne
\:X(q\] N 3 Xa’& creded 2 e

o= Mo

20: :j/
os"'L o
40 05—'/—3
0.( 0.y = o.lw I 2
O»l:. 0'31( ( | Ool (
(<] - -0O. = o~
n~ I/bz (S U :)

L= O-g"(‘) :>‘]: \A\

3o

67(*’{«()(4& - /"b— "”:f— = o'l'(/'la

». 14 > o Ho o wele ex\—{wc}ej,l -
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(b) When 20cm? of ethoxyethane were shaken with 75cm?® of an aqueous solution containing
5.00 g of an organic compound, J, in 75 cm? of water, it was found that 2.14 g of J were extracted
into the ethoxyethane.

Calculate the partition coefficient, K. of J between ethoxyethane and water.
pisriian
AN
J(q’p B \) (eﬁo«(] @'%W"‘@

Kmkkw; [SMJM‘( ] 21/ 28657 3

)3

[ J;N‘B] _iiﬂ- Kertson [2]
(c) In a new experiment s

¢ 10cm?® of ethoxyethane were shaken with 75 cm® of an agueous solution containing 5.00g
of J and the layers were separated.

e The aqueous layer was shaken with a second 10cm?® portion of ethoxyethane and the
layers were separated.

e The two organic layers were combined.

Use the value of K., you calculated in (b) to calculate the total mass of J extracted by this

procedure. ;
\cks swsoccx\'éd(& st e p CAWQ&S 2 ke
2% < "/\a “1 lb‘ ) X 2%:_‘—__‘0:]_49___ = O|5(9 —ﬁ_/“&t':é_
=" " —,— 501’?\ 575 o
S-« 7S y7< o 7< a; o.9 qoa
7S v 1.5

total mass of J = Z%S [2]



